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PEE^P'ACE. 


if hence th’ iinlearn’d tlnnr w%nts may view, 

The learnjfi reflect on^jyhat before they View.—PopB. 

The pollovinu pages, written in the*spsilte hour# of a 
busy life, attempt give an account of the rise and 
progress of what is now in this country an important 
branch of engineering. Although wood is employed in 
the constructive iirts more largely than any other sub- 
stiince, its conversion by machinery is of comparatively 
nfodom origin, and therefore very few books or treatises 
Safe been written on the subject. The* aim of the 
Author !>a8 been to combine, as far as possible, the his¬ 
torical with*the practical. In the first portion of the 
boolc, Tn addition to notes on design and construction, 
the names of the chief inventors and pioneers in i^ood- 
working inaclunery will be found; the latter part of 
the work^s devoted entirety to practical* and technical 
details. 

'« illustrations are contined to tlif ’designs of 

^'lugl»sh, French, and American •eu'gineers, the ma¬ 
chines constructeil bjj other nations beingf'as^i ruleji 
"basecl^m these models. 

le adapfatisij df macliinery to common»_uses 
witdoubt, increasingly necessary fo the commer¬ 
cial prosper!^ and progress of a natij<r,<*ndjia8 been 
exemplftieif by tlw success of American competitioa in 
so%e branches of manufacture. This can in .a meS^hre 
be accounted &a' % the low parent fees jpnd high rates 
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ot wages iii vogue iii iiua couiiHy, thus enpotf'agiiig 
^inventors to the suiali*l«d(itsils in their jnachlno 

constructiofi which tend eilfier|to le^en Ih^fktpt pro¬ 
duction, improve the (piality, or iifcre^se^ the /ingo of 
the worV ptrrforniell. Fi^mi a sfciiiow^iwcxt^ided practi¬ 
cal experience of the ^.hjeef treated on, yje€4ithor trusts 
that what he has wfitten ma)»aHbrd some’fre^^infsrmaj 
tion, and prove of* service to tl\ii engineer aM stuilpnt. 
‘fn ttmt case li>3 eilii will have liecii attained. 

--f 

NOTH T(1 THK THIltD EDITtON. 

« 

SlSCB the last- edition of tliis hook was issued great 
all-ro^^ntl progre.ss has heeu made in tlie ej'onomical con¬ 
version of wood, noUii)Iy hy tlie extended introdu^j.oi\ 
ot log band afid twnd re-sawing machines, eliain mortising 
maeltines, and many others for special pnriM.sc!^, such as 
the manufacture of wood wool, jiroducer gas fronwwood 
waste, ikc. Many improvements have also k'cn made in 
the constrtietional dtdails ol the ma<;hines, the ehiei of 
which is the large employment of hall, rollei'fcand ring 
oiling hearinj^. xtdiich have redueet^ the working friction 
U) a mintiinm. Tool rooms in saw mills are now^workcfS» 
on a more siflentiiie.,basis, and for information rifjthis. 
cohneetion.4he Autljor would refer ron-ler.s to his eom^-^ 
^anion^volume, ‘Saw Mills, ynflr Arr<nigemen£ and<» 
Mcfliageincnt.’ 

• * Tl*j*Authoik has Jaken tlie prcsfnt oppifrtun^ of 
printing a sRr|e,a^f new illustrations ^hieh will H^ounjl 
to muhociy the most rec6pt designs in ^'ood^vtrrldng. 

S*tilTtOS Cel IIT l!e.\l>, OlliawiCK, 

Au0il 1914 . 
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CHAPTER XLVl/i. 

RUI.KS AND TAHU^S. 

Rules for Vokulaliinj Spcnh of HItafh av,d Diameters 

of Pulley 

Tl’.e speed of tliu driver and tlie diameter and speed 
.,a£^^e driven .beiip' ffiven, to find the diameter of the 
driver. 

I’ROIII.KM I. 

Mulliph (he iliameter irf (lie driven 1>)’ its 
.speed, and divkh’ (he product hy (he speed of the 
driver; iif' (piotiept wili he .he diameter of the driver. 

PROBI.KM 

The speed of the driven and the diamete.' and 
speed of tliejtlriver h.'ing give.i, to find the diameter of 
^(j|ie driver , 

Rule .—Mnltiply the diameter of the driver by its 
speed, and divide^d’.ie product by tim speed of the 
di?>cn; the quotient will bh the diameter of the driven. 

MoirLKM 3. 

The dfa/heter of J^he driven Ijcinp given, to find its 
number of revolution®.* 

Rule .—Multiply ‘the diameter oi tiie anven iiy its 
revolutions, dhd diviSe the product by^the diameter of 
the driven ; the quotient will be the nnmber of revaln- 
tiops of the driven. 
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W(f give‘iiereWith tnWes of tlj^’specjic^ cohesion 
^aud’ streiigtli lyid tlu; i'esi .lanee of wood fl| pressure aa 
^lculate<l by Professor N^iillace. 
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Meamryneiit of Tinihcr. 
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and th% half-h*ght of ths stem s tlij girj^iug ^daee. 
AJl brau(?hes, as Tar as they ftieasuy * 24 inches ill girth, 
are ijieasured in with the tree as timber. 
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APPENDIX 


LOG «AND SXWING I^AOHIWES. 

'* • 

l)aml saws of* tho horizontal* typo'ari^ now 
generally preferred in this country, anfl th§y undoubtedly 
possess advantages over the vertical typo, notabiy*t1iat 
they can be much more easily fixed, and thu log fixed, 
adjusted, or examined with greater facility; the saws 
can also be more fapiiHy exchanged. Space forbids our 
going into the Vifrious poin».s to be losircd iii^Jlieir con¬ 
struction here, but we may saj that.lwo of the cllief are 
that the main frame should be of massiv^constunction 
with tile metal so apportioned, that th^re is absolute 
freef^^n^roIn vibration wli«n the ma5liino is running under 
a full lo^d. 

The saw ‘wheels sliouid comlgne strength with com¬ 
parative lightness, bo supported bjs JouMe bearings, and 
Ite bi absolfltc balance. Tfie writ* prefers thab'ihe 
fat*s of tlie'sftw wheels should^y^fl^i on the face of with 
the slighU^t possible rountl, ^ tMs pewflits J;l»o ^asiei 
^enSionii)^' of the saws. ^ Li»rgo band saw \?t<»ls are n(jt 
nT>w coverct^on toe fac^ but tlfo ^sav^ is ruit metal J:c 

metal. ^, 

Advanced machined are^ fitted with /)all or.rollei 
beatings to fhe^saw pulley ^indies, which undoubte^ 
etfeelt an immense sftving m ^leariug friction, but o^fpi 
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ti» the straiH and sviddenly applied loads'put on 
the saw, it’s important that they are p,widcd with ai\, 
ample factor of safeVty, and stdo or end thrust guarded 
against, as the writer has come across ^vera> cases of 
trouble in this coiuiection. 

Wnero electric current is cheap, inaphlnes can o^ten 
be driven hv electricity with a»’*autage. The best 
practice is to couple the motor directly on to the driving 
spindle, as this kwps the saw up to its standard 
speed, and eomitorsnafts and laths—with their slip—are 
done ,t»wa/ with. The travellinj'‘'table can also lie driven 
by a motor, lint care must In; taken that the motors 
selected are of anude [mwor and can withstand overloads, 
or heating and oUmt troubles may (K'ciir. 

Owing to the quantity and iiuality of the work turned 
out and the saving effected in wriod and imwcr, log hand 
saws for certain clast cs of work are gradually siiperseiling 
vortical log and horiomtal frames and rack circular saw 
bonclvis, anil ve look for still greater dovelojiments in this 
connection, as the band saw, when pnnierly nut le and 
worked, is undonbh'Oiy one of the most valiiahW of all 
wood-woi'r iiig tools. 

Much of the suiee.ss of hand sawing inachines 
undonhtcdly deiieiids on the construction and working of 
thrfstaws and full notes ttiereon will Ui lound in the 
companion vo’ume i.Saw .Mills, their Arnoigement and 
Man^giMiV"!- 

Fig. 47 represent.'! a disti ictivc ty|s' of hnri’ontal log' 
b?nd milK manufactured hy Thomas itohin.son and Son, 
I.imited, the ^siteiit variable .spteil feed gear and method 
of carrying Uie «aw puljQys being perhaps the most 
.HOtahlo featnrea 

, Jin general constructiivi Hhe machine is particularly 
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massive, ospeftially in tie cored casti^'whict fcrms tl>e 
Jjase. TIk vestical ujii-’ght slides wliioli cl»ry the cross 
ijpil an(\saw lyilleys are ffolted b^sa Owing to 

tlie infttljjjd of casting ttiaSCjUpriglit slides sj supports, 
tUrJ^ centres of tlie sg.w pulleys are laept%s flose together 
as possible, yetjiiifting the use of a short and rij^d saw 
blade, and at the s^i^e tiina theorising ay^ falling cross 
rail calf be adjusted on the u|)rigflt slidiis to take up for 
any wear. Tlie^ elevating screws for the crtiss raif are 
protected in rece.sseB formed in the iljirigli't slides, and so 
compact is the entire in^ibuio that the diaxiinwin jizc of 
log that can be cut is only liinit(?d by the distance 
between tlie uinight }iillars. 

The saw |)ulloya are mountcil on heavy steel shafts 
turned to a taper to receive tbeni. They are bored to 
suit the shafts, ainf are'seeured liy a look-nut on a line 


thread screw, 
'aiyl run in 


'Phe pulley iihafts ai»i of nigh a 
long self-aligning* heajing.s whic 


■ade steel, 
1 (8'e oil- 


retaiking and dust-proof, a^id have large re^yvoirs, 
reijuii^ig the 'uinimuiu (ft attention. Uofler bearings ar» 
lieinjjittted latterly, and bid faif tiAoplaee the old style 
iH-aring omtiroly. 

The cross rail which «arries Uie saw pulley bearings 


is a single casting, held at either om^ b\* long adjustable 
slides, and sflpported by larjfe dM,iiiotcr screws fronjjjhe 
eoftneeting iwil at the top (# ^thu^uprigjit pillars, the 
weight beii^ taken on ball ^rujt i^ringg.* Ta%mjjvable 
*sa’^ pullgy beafings res^ onsdat shies, and ifte not ove{- 
huiig, and»t^is, C(ftnhine^witu a'seiisiTive saw-strainifg 
device, enables^aijs of very tlun gauge to be usetl, 
tberoby reilueing saw Mu f. 

•The sa\v*Rtfllinin^ device is extremely sensitive, 
can^ set to j^ivaea«.suitabte strain for jaws 
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of diffBre'it gauges, by moving a weight having a spring 
eushioning device. Any variation due to the expansion 
and contraction of the saw olade whilst working is 
instantly and autematioally taken up. 

The tilting and ci 'ss lining adjustments to the saw 
pulleys are indepeadantly controlled, the- latter bejng 
specially coir'eniwit for ti e sawy r, and provides an 
exceedingly quick method of correcting *ho blade on the 
face of the pulleys, by merely nr.-ving a hand lever. The 
centres of the saw palleys tan 1)0 altere.l to suit different 
lengths of blade.' 

The .siivv giijdes move on a transverse slide to suit logs 
of valving widths. They are firmly locked when in 
position, and have provision for preventing the sawdust 
being cauied on to the pulleys, 

The feed qear is self-cmit.diiv'd on a ea.sl-iron base¬ 
plate placed at the lide of 'he maehiue, and the log 
carriage is starteil, stopped, or reversed at a high speed Jiy' 
a single level, A .single lever also raises or lowers the 
ero.ss »dl and f>'aw jndlevs, and the depth of cut is .,howu 
on a scale which ha.s<i .sejiarat; adjustment for ‘"‘tging 
tjje exaetVl' P'h of lioard to Ix' cut, no matter at what 
height the .s;iw Made is al»>ve the top’of the log 
carriagi', 

.The patient variable .speed gear is jKjsitive im its 
action, ainl consists c)i. a lieavy V Iwlt running lictwsen 
two p(fiiro,i»f eivpandin'g epnos This is claimed to lie an 
iBiprovemenV on the friction disc, the latter Iving limited* 
inits lran'.)inissioh of ji'ower. The rate of feed with the 
cones can be varied at wdl wluLt the machine is running. 

The log liiriixgi' rims_pn plaimd rails fixed to the 
beams of the mill fhjtn’, ayd Isilted di.ocf to the Itese 
of, Jhe mai hine it,self, so, that the position of tfi* log 
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.at tl»e» point of (nittinj; ^ self-contliined|*w^in tlie 
niaohine., ^ 

* Fig 48 represents a liwizontal log baud mill by W. B. 
Aaigli. Vriubajf and Go., ymite^* The wl^olij of the 
machine,*togdthet with the tCod an^ OBntfclhhg gear,-is 
^iflmted up^ a Passive beilplafe, no pari Vfhatever 
being below the flo<^ level. 

Thf^ cross fraine carrying the Searings, Jhaits and saw 
pulleys has positive ai^^l variable . rising • and idling 
motion on the*large diameter ^illarsSy sfflfws, by power 
and by hand. 

The bearings are claimed as one of Jthe most im^rtant 
features of this machine, beiiig of the patelit oomliinarton 
roller, iiall thrust and recoil type, and are guaranteed for 
a period of three years. • 

One of the sifhr Pidleys is adjnstaKe to track the 
blade to its cori^t position, and has a slight horizontal 
.adjustment for linin,f up. 

' * The knife-edge saw straining device i^ operated by 
a coinjjound weighted l^vef, automatical^ conip^sating 
for egmnsion and contraction i» tljc saw blade. 

Tim anti-friction s.%w- guides are adjualfihJ# by hand- 
wheel rack and pinion. 

The table is built of rolled stegl, gWers with heavy 
caslfiron cross-rails carryin^h* dog-boxes. . 

•, It has positive feed b/rackiand ninion, and the frimion 
feed arriyige'ment is instantfy V^rihble Jijpm ^ut 8 to 
,16C feet lincal^ier minute, •jmfbai^ari rocaJ«rfted retwm 
fhotion *of 50 ieet pfer min.il*.* Spred of‘saw blade 


8.600 feet per mijiute. 

Fig 49 re|fcsAitii a liand fes%wing inaolnne liy 
A.. Hansom.^ C#., LimiYed.. Tlio mam fralffe is 
masjiT'e desig* tq,Uiithstain} the vibration of working. 



^ll. IS. u'^srll luM* lll-'VVVi 
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rill'-.1^1 l.I.iiH^ .mi'r fiiilli-y.-1 im ini>i.il tn iiii'l.il. Tilt' 
Kan ill'' mi tun'i'ii ^llal't- ni' liilj,'!' 

ili.'iiiti'f*'! ani!<in'llu i'-ll»'l li'ill ji'iiniiil nr 
j-.illi'i Tii'niinv.'K v'ltli 'ly»t-iirii"l ImiMiiii'' n‘-iil'liiiii 
.iize III till' Ilia' lillii'. 


I 

fce(fageat ooiiEistsoisfx vertic^ rollwSMwo pairs 
of wiiich are of largo diameter ami iifl are jJri>en, Ofte 
pair of r«)ller8*aro o(* atjjaller diameter anfl arc placed 
•1 we up to tlfe cutting edge of thf taw to ensure of the 
wood hdhrg ‘jeldjirmly. 

'Ihe rol1*;r3 ar(^«irrauged tc^carfo for cuttfeg f^^ather- 
ed5e(^ljoai'd»i>required and the rate of feed is readily 
variable up to 150 ftet per Aiuute. 

The tension Apparatus is arranged to w(*rk on ajenife 
edge and can fee readily adjusted to suit of different 
widths and gauge's by slifting a weigTit along a horizontal 
lever. 

The feed is fitted with a self-centring a)>paratus,,by 
which (iiijp !T hoards of varying thickn(!s.ses CuU be cut 
down the centre without furjlior adjjustiuent, iind the rate 
of feed can be changed if desired wlillst the saw is 
'utling. ^ 

Adjustable saw guide# aijs^ fitfte.^ immodi«telj above 
add below the wood and the botton# saw heel is made of 
iuerdased weight to prevont»overrunning.^ 

4v’brage speed of sa\^ blade^,000 feet per miirtite. 
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I BRUIT angles or chn^Rea of diftmeter 
/V 4Mpln<^Uca to be avoidet, 283 ■ 

Absorption of vibration by woo<Rn 
frnrainga, supposed, 15 
Air cylinder for eiishioning aaw frame, 
282 

Adjustable paekiu;; pieces for oirculur 
saws, 21 

Adjusting entters, 27:» 

AdjuNtigg screws t<*r regidaliiu; 

cutter slides, 175 ^ 

Advantages in usiniipi»anii sa^^pg nm- 
chines, 147 

Alloy for WenringN 2'*” 

AUoys, ]>ro(Uicti<‘n of, 4l.» 
Aineii#nnojK'ularsaw.-.il.ick gnUi,eof,3l 
American planing macliinos. 88 
^uericanA'.'M'k bench, origin of, 8 
Aiut-nlons, ‘^5 

Ancient saw fnnnc (b-cril»cd. .lo • 
Angle r^^Utiug id-r'- >>1 . r>**-'-cn!tii^ 

cutters, 342 “ 

\ uglea of out t^ig edge of i>lanc inujs|342 
Angles of ran tfell»/or cutting hanl and 

wrift WOi'd, !l 2 d ^ a 

Antifriction metal. Ihibliiu’-. ^1.52 
Arrangement of '■aw mill%2»r 


Bund friction in lieutof clutch coupling, 
310 • ^ 

Band knife maeliinc for cutting cloth, 129 
Band-saw bla4iA, speed at, 147 
Band-saw blgdes, .«)i.-irpeniDg,4K3 
Bnnd-uaw blades, siting teeth of, 147,224 
Band-saw blade.s for <:uttin{^ron, 2^ 
Band-saw setting macffinc, sST 
Band-saw blades, brazing of, 3.S9 
Jbuid-snw blades, tiualityand temper of, 
889 

Band-saw bla«i «, prevention of break¬ 
age, 340 

Band-saw biady.s, gauges of, 341 
, Band-'s.-t^ lades, cxp.«^ion and con- 
*#acli'>n^f, 330 • 

i Bnnd-sa\f bl.jtles. teeth of, 341 
! Band sawhig imshines, management 
\ of, 363 \ . 

'' B;in<l sawing niaf-hine, tlic nj^t, 119 
, Hai^l Si^iug maiditnes, sclf-aciing gear 
for, mo 

Band or ribbon on, 336 

f Band-saw guide, [3.5,A46 ^ 

I Baiidi^iW who‘‘l-», wrouglil iron, 133 
; Band-saw wheels, w(«>ilen. 136 
IWini-ftt^whe^ls, to angle. 145 


Arranging shufting^or a «a\^Mn, 806 •^•Bajid »at^ for cuti ing Umber, 348 
ArliaeiaUcii.soR^g of timber, 824 , Band s,aws of# thin gauge pjiTerable, 
A8l.i>Mtoipai'kina*iislonro<is.«ic„2(i.'i * 07 

Ashlar 'T.asi.iirv fer rs,’ipr.«tiiiu' nia- . •BwWsflpsforcutlinKSulps timbers. 124 
f....nAs*l«i« noi Bcnrir^. nciinstMllc uT.#c»r, 2!15 


<*blnft found,a*isi»s. 801 
<%ugcifcfor circnl.ir tenoAng, 2o5 
Au^malicaMf adjustalJo side ngttct 
Sr pinning marines. 10# 

Automatic bclt-tightiner,J79 « 
Auttnmtic damper for steign boiler" ;4'' 1 
Autom.atic self-oiling 297 

B AUBnT,.i.,‘^4 4qa • 

Baeldn,g ^d liolloning 

»tav<^2n,25s ^ 


c.'iik 


-talloy for, «2* . • 

ft ->■ endihinm as mrinlov for, 291 
--•ofjncl»:i.s29l • 

— cast^on fiir, 296 • ^ 

•- conical. 299 

— driyg or seizing, 295 

— tittingtK95 * 

8# — footstep, 298 • 4 ^ 

0 — #)^ended in length, 290 

— kept cool by water, 299 
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nRA 

* meta'f for, 

ph(K<phor bn»n/e /or, 392 
~ self-Ittbricatiogi 309 
—• subject to grest pressure, 399 

— vrhue metal alloys for. 291'' 
lleannis:s for ijfoo(*-workiD^» machinery, 

28:» ' 

Belt geHring. 319^ ^ 

Bells amft<x>tl.etl gesrini: compaiM,.*)^ i 
~ at short centres, 273 
gj — cotton do., 818,314 ^ ^ 

— driving of woveifcriiojUle 

— driving slip of, 8 A ^ * 

— for lil«h-speo*l n^’.chinerv, .*ln7 
—• hintron, SIfi * 

, — leather, strcngth^'‘81.> ^ 

— leather, working tension Inhlcof, 

I'aper for driving. 

— ’4ho«l(L''un Hluo«4h surface to pulh*y, 

•V7‘l * * 


* — tkhten. r, automatic, 17'» 

— to incre.i^ d.i’ ing p*«wcr of, 807 
-- twisted, 3!.'. 

Bending wo<'dcn»ho*.p*» f r . a-ks. 2*>9 
Hentham. Sir Somncl. 2, 71. 73. 1 .9, 1* 5. • 
171, 192. 22- 

Bevans 7‘> 

Kevel, (louhlc, for«M.’* 

Bevel .sawing, dia^'riin I'T giii'Ung, 21 • 
Blanch.'tr«l^l99 b 

Blind dat lenoninw n».i- lune, i JO * 
Block, cutter. of, for plat.ing. 1'‘7 

Hlvth, ‘.n »0 . • 

B41cr>2.V.*nt % 

— rorTvi-NK^l of, 20 I 

— team, iiicrn-talion n., 2-3) 

~ steam, -ousting. 204 

Boring ntj'l m-^'-ing mv. Itin*-*, -I.- 
ei^iit .T, 103 

Ihinng . ig.'r. eN’.'an'iil'.g, IrV * 

H*)W i *i, h.-m-i. l.P< « % ^ 

B«)X t atning, tt tr*slu«'tion of,4’i , 

Koyd, » 0 « • . * 

Bram first planmgoiv- him-.71^ 

Breakage of haud ^aWi blades, areven-, 
li..n . f, m . ^ • 

Brown an»Ll*lflt%ef, 2»r • • 

Brown, S.,rt9 • %w • 

i^nweUSir I. K..A 119. 1^2 » ^ 

Bang*, rvUndricJ «aw for Tutting, *13 

• ' • w 

• 

p ADM n • M a-* an all.^- for l»«riiflr«,2t> I 
•V (’alciiiatittg p'-e<i 4 of »!nft< ftn*l 
diameter f^nuli«y 4 347 , 

Ca^ for Working mortiiing chisel#, IM 
*^in, triple wllon, 141 


« 0 tt 

Cask staves, dressing, 218 

-hollowing and bnvking, 211 , 218 

-^*johiting.l;14.217 

-mill-wob .saw's for, cuttltig, 210 

Casting*, contraillon in, *A 8 ) * 

• — quality of ir<4» for, 2 k’ 

Ca«t iron for'jearings, 298 

Cast stec^ method of hard« ning„3V2^ 
Cn^jor oil kt a (ln‘>sing for Icatlie^Iw 
niamlering caaH Mires, 214 . 
t'bain fo^'l for deal frames ?» 

Chisel', iiiortising. n-vcrslng moti< n of, 
158, 154, lerf*. 101 •• ' 

t'liisels. morti-ing.v.-'irkiHl by cams 1<>4 
C^iswls, mortisitkt, w Bit serrated back, 
159 , 

Chk’el*, rccipifH’ating, for cutting oovw 
tail*. 1>'0 

Circtilar *«\vs above 88 in. diameter. 82 

-ailjust.ablc po'king piece* foi, 21 

-.\nierican thick {J.iuge t*f, 31 

-and straight, .*125 

-arrang'd for ••utting upw.ird’',234 

... t>ench, the fir-*!, 

-bi nehes, di signing. 3.' * 

-fofl^.qtting venoer', 191 

- \ r»»: surfacing, » 

- ■ for cutting dove t u) . 1 *"' 

^-uiaoagi^cnt of, 372 

-' packing’«f. 3iS # 

' -- preventio!! ot im-lm* friction*in, 12 

- - ‘dished/31. 9.5. 139 , 

. - ~ tharjienmg and .’iettiiig,331, 39A 
• ■ '•peed ■)! !;♦ # 

-- smiablo gauge- J'-r. -! 10 # 

-%■- trip'innmg, liN # 
t'lHJjL'Sof -iws32> 

Clntoh coupiinr. frtcii-.n l in Heu 
of, 820 • 

I or m tU"- wh* *'l-. M J 
I 'oil ir* for ‘ ilrunki n' -.iw*. U 

of v*'n^r-«!'iiii«g<'d Itv *lc.imitig, 

* 192 • 

: tN-Wipr-'-ed air utili'Al fm Mrt'lftling 
J -.aws. 4o • 

I oinprc-'-Bc Htniin, 8 .'. « 

I a'otnjsf-ition r.f |».SKl*f42.) 

' ’ompound tr<.i*le lor iiiortism|{ 
cbAie. 18.3 . • • 

\i>o coupling Tor line shafting. 
Tm; • , 

t'-'flfr.i) ti-'U l*Sttasiing'. 2*<9 
Cork dini-ultv of Working, 287 
^ t'orrolhon of steam b ilers. 281 
I t’»'Uoii i^itingilieUs olf ^ 

7 I 'i>uloml) on fricii^, '.‘HU ♦ 

^5 •‘oupling^^'f^mllrshnfting, 30t^ 
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Cr»unterlj)iffuine<I oT i‘quiUl-tii)ni 

frame, 41 

Coming, p.-ql^r, for ptlley8 to ♦iicn ast! 

.U*7 4 

Cmnk 

£^^s-cual..^8aw^^ 

€r<»fw-c»iltlTi^CMtef .s, nn*l« of, 8t-> i 
Crorl-ig ca:>k sl;ivc«, 214 
4|j|||8kerland, I., 89 m * 

Mwnimiug oyliiuJdJ (q* saw frumca, 280 * 

UtUor l^k, Ri)nofrof, for 107 

OulterliI<^fl.nere'>.sHy ofl)ann#m>^,2H:i • 
Cutrcr l»Io<^s, 78 ^ 

('utter blocks, teuouin;,' for ad- 

justinj;, 175 9 

('utter blocks, balancio^. 107 

conical, for dov^-lailini;JlHO, 
188, 100 • 
(Sutlers, adiiisthi^, 278 
Outlera, 812 

(‘utters, tcmperinj?. 813 
Cutters for tenoniuK mnclnni*, I70-8I2 
Cutters, pinning, ioiprovod nn-ihoil of 
arrani:iii '-, l»)l, 102 

(’ult«^N. fixed, for planin;', 102 •. 

Cutters, expandm^. 158 ^ 

Cuttci tcm>nmp*mwua«’liin^ w(jrl< ins; 

acHK*. the ijrftin of the wood. 172 
Cutting Cork w<Knl intoWKct', 2.'!}^ 

Ctittin^ cd/,'e of idanc irons, ;mi>lc iff* , 

b^cT, 812 

• ’nllinf; irojj. bainl -.los for, .'IdS 
futtiu^^ival Imons, 171 

pj^j under wuirr, 40 ^ 

CuUi'r-'^sjarid. foi clninfenii;'anO n--. I 
C‘-s>^*. 215 - !! 

innlicr fiom tin- < iroumfer<fi*''- i 
inwjjrd.s.*!^ ♦ I 

Cuttlnir ^ith llic^iuiti of tlie ..I onl 

recomiocodfd f»»i dj.'>.vinir spokc'.^til | 

t'ylindncal ;k5. 815 i 

Cylindrical “aw for cuitkij; Iiuoj:-i. 21(5^ ! 
OVcloidol Icclh fof wheel<,41^1 *1 


Diagran^oT guidii^ besrel sawing 249* 
Diamct^of pulley anApeeda of ahaftsi 
calculating, 422# 

Dlfl^ulty of working cork wood, 287 
‘ Dilftcll ’ circular saw, 81, 98,139, 208 
Dific fi*cd mouldug giachine, 9(5 
Oise, 8toel,Tor dkess#!^ faces of grind* 
sto’es, 22t; ^ 

i)is^cmery, for sharpcfiinu saws, apecd 
^ of, 220 r • , I 

Discs, frictioffal, lid 
DoAle bevel fdr ifldting lords, 348 
I)ci#ble-coni* vic»fcoupling, 300 
Doiddc raclt feed #>r saw frails, 59 
Dove tailing, conicjfl cutters^or, 186, 
189, IJ() , 

Duve-taiijng, reciprocating chiselfl^ur, 
18<» • 

Dressing slaves for en.^s, 

Dressing fkce of grindstotte8r226 
Driving belts, 843 ^ 

-cotton lor, 

-paj>cr lor, 818 

• Itiivir^ pulle\8, ^^ldtf> of, '’‘I 
‘dtrunacii ’ saws, collars for, 81 

t USTlU". U.. 9 
i K<'iei'*ric, variable, for altering 
thrc% 01 mortise cld“cl», 105 
•l#lging #aves fur c{i*s, 2 V 
nmcryeilisc, for shaipcning saws, speed • 
of, 220 ^ 

-vitriti'd. J'or sbarpet^ig 8aw8#220 

- lione fot lini'hing cutters 225 
I'^giiits^bigh, pios>.ure conaensing, 256, 
407* 

— 'mall Uigh-s 

— vertical combine#with boilsr,J^58 
ICxyjinding boring angei. 156 
Kxpauding cutters, 158 
Kxpa94fcn a^d conlracthm of band-saw 
' ^1,lade* 880 * 

. — of ^awsfu!llfo^^n .88U 
rijuilibrium or conn cvbalanced saw 
■■ •lirai^, 41 

[ *);arkak. Jam#. »T 


D AMPKK, antumatic, fnr steam 1 

bnib-rs. ^ • _ 

rflanWD’planing macl^jbic •_ IJARJIAK. Jai##, #T 

*l>§rtl framc,^'cc(t motions for, 51 % am loose pulleys, .*09 • # 

Decomposition o#w(snI. .82;; l‘'ay, J. A.,*. 1 ^ 

Dedgning a batvl “a\\inj3iinacliine,^t8 j Teed, t^adiiJil, formortikingilii^a, Io2, 
— # circular I'nw bench.it- • i 1^4 ^ ^ • 

— a gem ral joiner, isf a i l-’ced.^erjj<-nl,foynortivingmncbiil^8,lo< 

— imirtidiig ami Iw>ring mncidn8s, 169 iL Felling tr«‘cs t#ie for, 8^ 

-- ii#ulding amUHunimc niiu^ines, l« 1 i b'iis>t band sawing niacnTne, 119 

tJnon# 'imufine. 177 • Fff8thaud-powerniortisiDgn)achinf;2|9 

- tin^ r and deal ^ First planing tiiachine, 70 
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rint^enonin^ 174 ' 

Fittiiti* bciftnnpip'i 96 r ^ 

Fitting flMthcron inKrtuiog chbela, *280 
Fixed cutters for planing, 102 
Fixing niAchiaee on unsound 
tioDB, 300 , 4 

Fixing murtiaing bMiMb, * 28 ^' 

^Vlr press for guUeling saws dispens'd 

wkh,m . * , 

FtK'tstep bearings, 2 d 8 
K Tging spindles, 284 ' 

Foondattona, machtDeV, 8 oO < 

Framing, box, introduciiim of, 15 • 

Framing maohimo' with n red) 
citing motion, 232 
Frainings, nUrating on. 277 

Fnvningiofwooi|.workingmatmm '!»,277 
Fret lofiloid of liolai^g, H;l 
Frictional |le c*. n»» 

Frictitin band m liiMi of ••hitch I'onphu'f. 

’ 810 t • 

Friction on ■sau •>. 

Friction, on. * 28 ,’. 

' Friction on line slmflnir in*tb *1 of v>* 
dneing ,803 
rictioii on <y»W', i 


(iuard and guide forVircnIar Ws, 388 
liutde for baml saws, 185,145 
Gun Bta ks rei'esfiug meUiod of, 845 


U AlOll ,40 

Hammon^ Okatlei^ i:., 89 
Hand planes, Uv, C 8 
Hard for**uiting, 

Hardening cast sWt 852 ,"" •' 

Hatton, ® y 

High-si>rel'.d deal framea, few ft>r, 55 
lligh'a;> 6 ed engines, small, 2 ^ 

High speed maotlinery, Wits tor, S 07 
--•s*. — starting, 810 
Hints on belts, SltT 
I HolL;nl, 82 U 

I liolld w auger f'»r tenonin.;. ‘i'lo *' 
i Hollow cutler bbH'k and sjnmlle lot 
J dr>><ing‘•pokis. 199 

Hoilowng and backing oa«k 'staves, 
211,217 

lloiif |(fr uindiing viuu i'. "io 
Ibvip*!, wyinlcn, l>.-ndmg, 2 U‘i 
, n.iMtif. Wihi.nu, 98 
H_\ draiilc j.'i b\ di'"ffltie liavi lliifg la- 


G AUGK, tbin.prefcr ibb- for 

U 7 ( * ^ .. 

^»auge^ suitable do. do., 84 o ^ 

Gangw suitable r.*r nj’n'Ar .. 

Gangei .soitaltb' l‘■•r *lra.gb* nvs,■! 
^Gear, Audnor, 118 » 

GfJTing amf -h.afiing. 
Gfarin...be!t,torn.uio.ut!inv-niMt 4 Hi.o*. ■ 
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1 %ius family. 321, 32i» 
j IM.ining irons, lixcd, 315 

T—iinudiuio./Vnu'rican, 88 

* • A. AuunalioaUy a«hu&tablc side cufc* 
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WOODiWORKING' MJ?CH1NF,RY 


C A i> T K It I. 

IN'l’KODUOTOKY. 

Wood in its various forms enters*, jierliaps, more largely 
tliaj^ any other substance into tlie industry <tt the 
«a4ion, and its economical and rapid conversion from 
forest trees into articles of general utility’ cannot bo 
but one of isiramonnt importance. T can scarcely help 
thoTking that sufficient interest has hardly been given 
by scientilic imm to this very important branch of en¬ 
gineering, whilst, on the other hand, improvements in 
the munitions of war, for instance, have las'ii^ carried 
to the hjjfhest degna* of perfection. * When we come 
*to c^msider the endless uses—in shipbuildiftj',* railway 
^carrkige works, coaebbuilding, joilteiy ww'lfs, builders’ 
tijslablishineuts, Ac. --that wood iu its variSd forms is^ 
* pul, ^o, the iinportancf ^of the subject will, •i%rh9jj)S, 
m8iy readily*strUfe ns. Wood conveftion by machinery, 
has doubtless during the; last twer^y yeS.rs madb §igan-* 
tic strides, but •still there remains am^ijic seopi^ for 
further progress in this dirsctioii. The chief l^ird 
ufbods used in this country are oak, ash, inahoguny, 
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leak, anV^^elin; £yiJ oj] the r'esinous woods, red piuc 
from Norway^. Sweden, tynC ^Russia; Memel, iCutzig, 
and Riga fir. <-om Russia* atftl frussia; yelloW pine, 
pitch pine, and cedar, ^fjither ornymenti^f woffJs are, 
howcTcv^ lavgjjly used for decorativp purposes. Al- 
thougli'on'e of the uidst^iin})(p-tuMt braiithes, of en¬ 
gineering, v'ood-worKing machinery iS'^nfe pf the most 
modern; there "is po donht, 'nowover, that t>.(j co'hver, 
siou of wood hy'hieans of sawj, axes, Ac., was kn«)wn 
some, thousattds <6f fears back, and is aji('keu ot in 
ancient Egyptian, Grtvian, and Hebrew hisiory; but 
very lew records are left us coneeViiing their,origin in 
this country. We must turn to the eighteenth century 
for any accurate informal ion as to absoluh! iiiKchinenj, 
in the true sense of thfc word, altiiougli, doubtless, ap- 
l)aratfises of dilfeivut kinds were in usb to faciliiatc 
Hand labour befoi'e this date. 

First and foremost among the pionems of wood¬ 
working niachinerv must b; tilaced .Sir Samr.cl Henlham, 

e* » *■ f 

whose patents in the years 1701 and 170;S are truly 
remarkable exami>tes of iinamtive genius, and fully 
illustrate the old adage, • There is nothing new under 
the sun,’ In these specifications the principles in¬ 
volved in nntuy of the most important machines at 
jircsi'ut nvuse are claimed, and set forth in the ftlaivcst 
and tersest manner, affording a wonderful illustration of 
iiow a jiaiei‘l could be drawn in those days. The fol* 
lorvng may Iw named as some (st*the invenf^ons incliadfd 
jn,this I'cmarkahle specitication : -^Fhaiing .machines 
with rotary cuttOTs, /D rid on ni’virul. ^ih’s of Iho ymoil at 
ouri f veni;er“riTlting machine, liori/.ontal rfd^nn^ sawsf 
mouJding and recessing nfaehine, Ijevel sawing machiny, 
sar^Siarpening machine, tenon-cutting by means of 
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circular saws, anu many KinU^ut j;otary aiJtt boring 
tools. F Many of the princ3|)]ps set forth in BeuthanWs 
specifieations have b«ei» ^.Wo subjects rf)f a number of < 
patents du?\iig tlwi prclont* century, or, t may say, 
during’tho’ hi#t ^ew years, but it is ni^ opinion that 
several ^f tliese patents‘Ififter tery iTttlc inJ'looil except 
ir matter tf M^ail from BentliaA’s ideas 1793. I 
4 I 0 iK)t jutend here to Alter furttier'into the early 
hisJiDry of wo(¥l-workiu|f mai-liiiiery, 'as the data at my 
disposal ai^ both scant and somefrlnft unreliable, but ^ 
purpose, when considering tlie difterout classes*©! ma¬ 
chines, to add suclf notes of their origin as I may 
consider instructive and interestin>'. It is my iiiteii- 
tion to coniine myself in tliesii pages chiefly to my 
experience of Bnglisli practice,* illustrating the same 
lyiiji woodcufs of some of the latest examples 8 f the 
Inftst eminent makers, and exiilaining thein as concisely 
and, 1 t^nst, as prmdicuW//, as possible. 1 shall, how¬ 
ever, as octnision may arise, loiieli on American and 
Continental makes when of interest. 

lill within the last thirty year?, wood-working 
machiney in this country must be considm-ed to have 
been in a very crude state, but of l^ite grcaUimiietus 
has bec.w given to if by Ihe constant bifltlcs between 
capdV-ihand labour. 1 he great I'.ost and, ^j*s*me cases, 
the •inferior quality of work turne*! out by hand, have 
•cndcred the iucreasjno introdnetton of laTioiy^-saving* 
nyebinery aj^solutely ilt^-essary, to keep pace’ivithVhe 
general lyogress ,pt* the times. tTio introduction .oft 
this climes ot nuij)unery has nol*, however, lessened, 
Tint ri||t.hcy ^'aiseil, the wages of skiifb{> arj,isans, as 
it is found the cheaper production creates the grdtiter 
domund. 
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OflAPl'ER 'll. 

CytClTI.AU SAW BKNCHE.S. 

WiT» (Ju; t'Xi^ptiCn, p* rliajis, of tlio wedge aifd tlie axe, 
the saw can lay claim t(5 being the jiiost ancient instru¬ 
ment for the conversion of wood, and it is ftertainly 
hy far tte most imi)orfanl. Its earliest history, how¬ 
ever, from the lajjse of ages, is involved in obscurity. 
Representations of saw.*are said to have been discovered 
on some of the most ancient of Egy])tian monumt^ts.^ 
This, taken in connection with the many times the saw 
is mentioned in Holy Scri|itnre and other anchmt his¬ 
tories, seems to conelusively prove that t’he saw ^vas 
known many thousands of years ago. What it was 
constructed of, however, there are no rei^ords to show. 
Ancient tirecian historians variously ascribe ifs inven¬ 
tion to Hiedaljis, /-Vnli.x, and Tahirs,' and the inventor, 
whoever iie.was, was inscribed in their mythology, with^ 
a place in'whvch, (jiiipng their gods, they honoufc(t*ihe 
grrtitest l)i.>ijefactors of tin' earliest age*i. Talus is said 
fo kava*/■ornu.'d his first saw fjofti the jijw-bone of a 
snake. Perdix, ry#- are told, Vsed, the bilckbone 1)f»a 
lisli for Hi like pyrposc-. The saws oPflie tirecian ftir- 
penters had a sjjnilar form to ours in*use at present, 
show'n by* a [lainting sti]! preserved amoi(g*th» anti- 


•Sec Beckniaim’.s llutorij of hnrntwnt. 
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quities of Herculaneum. Two, genii are rfij^resented 
at th end of a bencli; tlfc .piece of wc^pd which is 4o 
be savrti through is aeetfreci by crampa. T^e saw with* 
which^ic ganii in<* at worb'Iyis a perfect resemblance 
to our fr.iine Sin*. It consists of a square fr.iiqp, having 
in the middle a blUde,,^the tcerfi of ■s^iich stanci perpen¬ 
dicular t(> |lfe.^)t..ue of the framt. The aipus in which 
•the T)la( 3 # is fastened have a similar form to those we 
nnw use. 

It is Recorded that saw inillh (fsiveft by wajer or 
wind were erected in trennany as early as the fourteenth 
century j this is, however, very much open to doubi, 
Stetteu says in his work (‘Kunst-uud Handwerks- 
Geschiehte der Stadt Augsburg,’ 1779) that saw mills 
were erected near Augsburg hi the year 1337; but 
.wlmt the machinery consisted of, or by what mhans it 
*was driven, there is nothing to show. Jt is also re¬ 
corded that saw mills wei'c in existence at the following 
places at tlte dales named:—Breslau, 1427; Holstein, 
1545; Lyons, 1555; Ratisbon, 1575; and in Norway 
in the 3 'ear 1530. The first niill erected in Holland 
was at tjjiardam in 159(>, and in Sweden about 11)5.3. 

The first saw mill in England of \yhich weJiave any 
record \dis erected ffy a. Dutchman near “London about 
th»ye9,r 1063, but was the occasion of so 01u«h riot that 
it h*ad to bo abajadoned. This was also the case with a 
^nil! ei’ected by one James Stansifeld in 17S8,^s it was 
tgri* to piee.^s by the mob. Wind was the motive power 
used by .StansfieJd, and it seems that he and ^otluirii; 
aidedd)y the Govorument, erected mills in various parts 
of th%country about this time, which Wrt-e Housed by 
Jlie populace to continue working. The straigh# saw 
or mill^web was doubtless in use many years in Ho/Tand 
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and Gferui)}.!!}’ ueio);e me circular saw was Known, xne 
circular saw said to h^vl originated in Holllnd’in 
»tlie sixteenth or seventeeiltri• century, but there'is 
nothing to* show who waS, tlfc invfiitor. ^'Ono^of tlie 
earliest lycords of its use in this cou|jft|' is contained 
in the pe.tefit specificatiftn of ^ainuc+^illen of,South- 
ttuipton, grajited in tfle year 1777, imwhi’et he claims 
‘ an entirely licit inaVhine for hiore expeditiousJit®’*'^"'!?* 
all kinds of wood, stone, and ii»ry; and .the saws need 
Ve of a cirmlar jifjurt.' The motive poweliemployed 
was a horizontal windtaill. He also claimed nn ar¬ 
rangement for bringing the timbfir up to tjie saws 
when in motion; in point of fact, it may be considered 
onr present, rack saw-bencli in embryo. Bentham, in 
his specification of 17!t'‘i, claims also various improve¬ 
ments^ in sawing miichines, including 'crown Si 4 ws, 
taper gauge^ gioisving tabli-, adjustment of saws \n* 
lienches, Ac. t 

In the vear ISO's, lirnnel tisok out a* psiteiit for 

• t 

‘ improvements in machinorv for sawing timber,’ with 
arrangements for veneer cutting, &c.; ho also about 
this time fitted up the Govimiment dockyard at Ports¬ 
mouth wiith sawii^ machinery, including both recipro¬ 
cating and cTrenlar saws. It wa5 considered at that 

~ r I 

day the nn'st^om[)lete machinery in the countrj\ iVe 
have before us an engraving of one of^these machhies, 
♦specially a&apted fiA’ preparin'' Uie rough timber fof 
blosk-making; the elm trees or which tln^ blocks weje 
jor/ned were cut into proper lengtUs by t\yo cress- 
cutting saws, one of which is a reciprocating ajid the 
other a cifcnlw*saw. 'I’his combination of fj^ijiiglit and 
circular saws for this spUcial work would not do dis- 
creSil to a designer even of the jirt'sent day. Of course 
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some of its details appear to us sonipwhat. crflde ; bat, 
as shJWing early efforts iil jntroducing^wood-workiBg 
machinery into this* ceiiiAry, I thini: It of sufficient* 
generi^ inff;fe8t tj apj)^n(l* herewith a sh^rt general 
description 

‘ T|jo tree su^jecujir to tne action of* tl» cross¬ 
cutting re^prcMiting saw is pla^d on a lijiig frame or 
,beiieli, ^rtiscd a little aUlfve the Ilooi' on the end of 
w^eh is a Irajac complied of vertical •posts and a cross¬ 
beam. 'IJiriaigh this frame tlfti eud of the tree is 
drawn, by a capstan working ii* the middle of tlie room 
upon a vertical shaft, turned by a steam engine. The 
end of the timber projects as much beyond the front of 
the fmnie as the part intended to be cut ofr, and is 
fastened from rolling sideways by a lever, which presses 
ppaji it and’holds it down. The saw is a sfraight^lade, 
'fiied into n wooden hamlle at each end to lengthen it. 
One of.these handles is connected by a joint to tJie 


npjier end ef a. lever, bent at right angles and having 
the cenire lieneath the floor. The horizontal arm of 


the lever is connected by a spear rod with the crank on 
the end of a spindle near the ceiling of the room, the 
motion of which is regulated by a fj^v wheel.. By this 
means the saw has fi. reciprocal ing motion from right 
'tooleft nearly in a horizontal j)Ositionj_ exactly 
across the log tluvt is to be cut, re*seihbling in its action 
4he carpenter’s hand, saw. The teeth of the'si^w are, <4' 
c^ii*se, on yie lower sfd*! of the blade, and i{ acts.en- 
tirely by^its own .weight. The mactiine, being at rps^ 
is pre^iared for wgrk by fixing tla,' log* in the*lr.ame by 
the lej'er,,sp that the surface of the fr.iim', intersects 
the log at tlie place it is intehded to be cross-cut. • 'I’he 
saw, which was before lifted up by its handle’tR be 
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clear of ^he log, ie now suffered to rest upon it in the 
{dace where ^e cut is to, b^,made ; and to gui^ it, in 
• first setti^g-in,*the back ot ^,he*8aw is recjived in a 
saw kerf, made in the etjd''of a piec# of bof»rd, ^ich is 
attached to tlip frame over tlm saw, bit* slides up and 
down, te reach it at any hjight,;icc<frding tt) the thick¬ 
ness of thedog. The machinery is tftf#i*j*it in gear, 
which causes the ^w to reciprocate horizontflly acros8 
^the tree, and thifs by its own height cirts it throffgh. 
As t^ie saw gets kfto 'the tree, it quits the giiide above 
mentioned, wliich beccflnes less necessary as the saw 
goes deeper, a saw having no tendency to‘alter its 
course when cutting across the grain. 

‘The circular cross-cutting saw, which is employed 
for the same purjKise, fe more novel in its construction. 
The dj)indie is so mounted as to move in any direAiou 
parallel to itself, the saw continuing in the same {dane. 

this means it can bo a|)plied to iiiiy part, so that it 
will divide trees much larger than could otlierwisq l>e 
done by it. It is more e.'tiieditions and accurate in its 
performanee than the one above desorib('d, for which 
reason the {)reference is always given to it in,all eases 
where the size of,.the tree is not too great for its apidi- 
cation.’ 

Whatdsjiow known as the American rack' ix'och 
IS really o^ Knglish origin. In tin' year 1824 lefters 
^patent \yerc granted'to Messrs.^S*yner and (ireenwooi 
forr‘ improvements in sawing snachinery,’i the chiff.of 
pvUich was the use of two circular sstws of small dia¬ 
meter jilaced one abt^e tlm other, bi»* witli their jwri- 
pheries ntvolfing in the same line, in lieifof ore saw 
of large diameti-r for breaking down lieavy timber. 
Tlu^'■liinbur rested ii|Hm liorizontal ,roller.s, a.ud was 
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guided to the saw by vertical lolliirs. The 'feed was 
given ^ the log by mear& .of a groov^ feed roller, 
acfed on ^ a pressurt r^le?- and weighrfied l^er. They 
also clfimecUthe «se of several circular saws on one 
spindle,' divided*, by suitable collars ^or ccyiverting 
timber intc^plank#, with other‘saws placed *on»vertica. 
spiudles, aiv1*w/i4fing horizontally'hir cutting the planks 
into1icaji#ilng8 at the same time. A,thn-d improvement 
coijsisted in cuaniping sf scries of cir(flilar saws closely 
together, Wild using them for retlmfiBg dye woo^Js to 
powder, instead of the usual nnethod of rasping or 
chipping. In the s?tme year (1824) Mr. Robert East¬ 
man, of Brunswick, Maine, U.S.A., patented some im¬ 
provements ill the construction of cii’cular saws. These 
consisted chiefly in the intrcscinction of a limited 
nnniber of ‘ sectional ’ or ‘false’ teeth. Instea<fof a 
Sefies all round the periphery of the plate^ as is usual 
in ordinary eireiilar saws, four cutting sections of tfto 
t.eeUi are plrfc'd at C()nal distances on the periphery of 
the plate, and projecting from it. In addition to 1he.se 
teeth, cutters were fixed on the saw plate nearer to the 
centre, and were arranged for surfacing up the jdunk 
after it was cut. One of the noveltijs of thi* patent 
wa.s the method em]Tloyed for eonverting^the log into 
t)oa"ds,*as the plan pursued was to cut ft;(*s*the cir¬ 
cumference or exterior of tin' tree towards the centi'e, 
sftid not right through the tree, asf is usualTy Ijie case.. 
Ii^ favour of,*tiiis method it was urged that ])la*Jks, 
staues foi^ casks, t&c., cut in tliis manner posses.'^'d] 
more djirability, sb'cngth, and ela.<(icity than tiiose cut 
in the,orditjary way. Tin; tog to be ope^at^ oirwas 
made to revolve b.'lween iroh centres, whi.di it'did 
after each succeeding cni of the saw, thus liringin^thi' 
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wliole eJtcurafereflce of the log under its action. The 
saw spindle ffc shaft wag made of east iron, l.id ran 
upon friction roilers, suppoVtetl by stands on the Boor. 
The whole of the inovoiijeVits of th« macliihe Wfre self¬ 
acting, Sind a series of feather-edged gourds of uniform 
tliichn^s wore cut all rtmnd ^he log^ having tlipir thin- 
edged sidea attached* to the centre piocq,; ‘tiie log being 
big enough, a sewjjid scries 6f boards could ks^cut in 
^ like manner. The teeth employed wera in the fown of 
u hi^vk’a bill, awl tlfe inventor claimed tlu^t the eight 
teeth used were drivenwith one-quarter the power than 
with an ordinary circular saw. Tftis statemeijt we can¬ 
not in^any way agree to, and whatever was gained in 
the shaj>e of power was more than lost by the excessive 
waste. The whole aitangemont of the maohine, how¬ 
ever* reflects the greatest credit on its designer. *.'fhe 
rate at whiqli the saw was speeded to run was from'tdn 
td twelve hundred revolutions per minute. , 

Small circular saws lor eutting the teeth of watch 
and clock wheels are reported to have been in 
use in the time of Dr. Hook. Letters patent were 
granted to Mandslay for ‘ iinproveinents in^inounting 
and Inbricating^cireular saws’ early in this century; 
also to one*Oharles Hammond, ^if London» for ‘im- 
proveme wts^Jin sawing and planing wood ;' but froid, 
■S!^, the ^ear isfo to IHdo this branch of engineering, 
apjieai^ to have remained almost at a standstill <n 
Ewgland. Uven^Anierica, wilh little of no ir<ui ^nd 
loss general resources, made far gi’sater progress .than 
ounselves, a numlHl' of patents b^ng taken .out for 
invPnticais ifint improvements in curviline^ir, saying fbr 
shlji.s’ tindx'rs, mitre-mrtting saws, barrel saws, Ac., of 
wTiich little or nothing was known in this country. 
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However, about the year 1830 M». John MeDowall, 
of the ^Walkinshaw Foundry, Johnstone, i*ear Glasgow, 
came proiyineiitly fo^dlyl’with some'mosl^ingenious 
iioveltiqs and iinpl'oveinents in sawing and planing 
machinery; prlviwusly, however, to 18^56 ^e had erected 
several plaiflng and otly3r nii^chiries, in Maneiie^er and 
elsewhere. *Tl)^dh planiiif' inachint'B were«inade from 
Wie d^sigifc of Mr. Malcolm Muir, of JJlasgow, to whom 
a pgftent was granted iiiTthe year 1827.* We shall take, 
occasion t« notice them elsewhere. *6ome yeary Jater 
Mr. McDowall patented a higR-speed tension sawing 
machine, <and he also invented and erected a number of 
cross-cutting and other machines for the Goveynment 
at Woolwich Arsenal. One of these, a traversing 
cross-cut circular saw bench, "iws.sesses such novel 
drivRig and other arrangements that I think it*fully 
Jeserving of further notice, if s](iice permitted. The 
s.aw itselfr was about 7 feet in diameter, the largest yet 
mad^ from one solid piece of east steel. The driving 
gear was a gi-eat novtdty, the saw spindle being totally 
unconnected with the actuating power ; the motion was 
eommnni(jited to the saw through two frictional cones 
of buff leather embriicing the saw on«either sWe, and 
<'unning dt a high speed. W'ith this arrangement, tin* 
wholfe df the saw up to the conej was avattablc for 
■cutting, there being no pulleys in the way of J)je timber,. 
flS there are vvhen sa\fS /or cross-cutting are dpiven, in ’ 
tihft iftual wiiy. Th^ saW )‘an at ;{(^) revolutions per 
mindte, and by a iTery ingenious arrangement <jpuld be 1 
niade to travel thiwwhole length of the^mill, some 70 
feet; and being placed below the groninf c(«dd *al.so 
be. raised above or riepressed below the floor linj^^^at 
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pleasure. In fact, the whoje machine did iiifini^ credit 
to its designer. 

In cqynectKin with impipvetuents in^cyrcular saw 
benches a patent wa» sft'cured b^' OrI*ndo Child, of ^ 
GianviJlCj 04io, JQ.S.A., in ^le year ^8^0. IJe claimed 
chicH}* the introduction .into Jioa \7 saw ^enehes of a 
spring attRchod tg tlu' frame, to pr^vVnl •tho end play 
of the saw spindle at tlie same time yiehfing ^o aHy 
great pressure from the springing of tHe log, antfrfhus 
precepting tiny* timfue friction, and doiiijf away also 
with the collars nsmflly employed for preventing the 
end play of the spindle. In addition to thti ordinary 
circniijr saw employed, he also mounted a second above 
it in a swinging frame, which could be set at any point 
formintr part of a cfrcle struck from the main saw 
spindle, and could operate with the main saw Wt cut¬ 
ting throngli a log at any angle desired. 

A few years previous to onr International Kxhibition 
of 1851, Mr. Oonlson, of Ywrk. England, introijuced 
into this conntr\ various American idi'as. Mr. William 
Enrncss, of Liverpool, als<i mannfactnrcd and patented 
a number of machines, from American raodijs. A few 
years further mi, Mr. Samuel Worssam, of London, 
brouglii c'd several machines, including a very coip« 
plete de#l fiimc^ w^th improved silent feed, for tthich 
a* patent^^was secnrc'd ly him. At the E.xhibition of 
1851 !»jinml>er of jAinerican ^■dlidcn-fri^med machine* 
vftre exhibited, jjhii'h seemS to Jnive ofiened tUb «yps 
of som^ of onr,enginecrs, as from tlfis date Hie prd^ress 
and developujont (!l' this branch ^f engineering lias 
bee*n im*st fapid and eomplete. 
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(llliOnfiAR SAW *KNC11KS— 

In our Iiitcruational Kxhibitioii «!' 18.51 tin; exhibits ot 
wood-workiiis' inachifiory were oliiefly eoiiliiied to Fay 
and Co., ol' Cincinnati, U.S.A., and Furness, of Liver¬ 
pool, with one or two other jtiachines of Continental 
origin ; but between tliis tinu; andt^iur next Exhibition— 
I862w-a great*nninbor of machines, and iinproveinffnts, 
aTirf inodilieations on American de.sign3 more adapted 
to Englistli noeessiiies W('ro iniroduced by rtlater and 
Tall^Hnchan.ln, Douglas, Barton, Bunten and Lamb. 
Jordan, Moleawortli, Winislmr.st. M(‘.sser, Varrall, Wors- 
sani, Forrest and Barr, McDowall, Horn, Furness, 
Kind('r, l^osenlierg, Itobinson, I’owis and Janies, and 
otliers. Under tlie liead of circular sajy benchwi, liow- 
^•ver, w(‘«^lo not linTl anything especialff worthy of 
nbtiw. ‘In I8(il a [latent was secured 1^'*\li^orssani, 
kLnndon, for ini|iroveinenls in niaeluneiv for eros,s- 
eitlting limber, lie •claimed the* ari-angino- ^.f two 
eir^nlti.r saws,^me above the other, in the same vertimil 
plane, the ^op saw Inung [dared a little in the rear ol 
the other, but. botli«meeting in tin* same kerf. Addi- 

tmnal gjjides.were also used for assisting ii^sup[ior(!ing 
or steiulying the saws before ('dtering the wood. (#ne 
or both saws coukl be used, according to the size of 



14 


W^JOD-WOKKIttQ aACHWERy. 


timber to be eu(. They lire, however, owiii^ to the 
small size c^' our timbci^ lijitle used in this cbuutry, 
and are ^'eiiemlly kuowil jjh American or Canadian 
rack benches, but were.ivjally the Invention of- Saynci 
and Greenwood, whose patent wo itotiieed in our hist 
chapter. 

In our« Exhibitio'n of 1862 a coifsl^le'riiblo numbei 
of Enjjlish, Auierican, and Continental macfiiiies* weiii: 
shown. Mcssi-st Greenwood Vi**! Batfey, Ijcedsf, ex¬ 
hibited scvo«-al i.'l'ry* ingenious miiehines, •ncluding a 
curvilinear baud sawitiy; machine with a variable luiii 
self-actim' radial motion, Kindt*’.s shapiiif,'* machini'. 
&c. Messns. Worssam and Co., Loudon, exhibited a 
portable deal frame, baud sawino niiichine, Ac. Messrs, 
Powis, James, and Ct^, London, showed hollow-thimei) 
baiiAsawino machine, pianino machine, mortisin|» ina- 
chines. Ac.^ Messrs. Kobinson and Son, of Kochdale 
pianino and squarino-ui) machine, tenonino»niaehine, 
Ac.; and a nnniber of other, machines ftere alsi^ ex¬ 
hibited by Messrs. McDowall and Sons, (tlasf!;ow; 
Keniian and Sons, Dublin; J. ami T. Youiif', Ayr: 
Haioh,Oldbam ; Geevos, London; Weston aijil Horner, 
Londoi», Ac. j\,new tree-feller was shown by Mr. 11, 
Thomi)son, Td' Woolwich. Those machines,*taken as 
a whole,•v<;{c eonsi^lered fair examples of design*and 
werkmans^iip, but were far behind those of the ma¬ 
chine i^ml-makers ift the inassy-rtiess of their framiAg 
and general compactness nnd ^simpliiity of •tlK*it 
details. 

Among.st the t'otitinental machines exhibited was a 
bant! sa^v *i(t traversing mortising mai*liiiR> by iS, 
Pertn, Paris, the former of which attracted a great de;il 
ot*a\tention, chiefly from the very ablj> urannur jn which 
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it wiis worked. Messrs. Berijier and iV’bey, and Messrs. 
Vari’all,-^lwell, and Poulotj of, Paris, and Zinuner-* 
inann, of Chemnitz, alto ^Infived a variwi collection of 
wood-working,inacMues, b^t lao^hing calling for sfMscial 
notice. 

Iuiin(jdiately foMowing’the fixliibition, v^iai must 
be considered* ojl# of tfie greatest iinprovei*ionts ever 
ii*ti.o(hicq(.l*iu connection wilh Avood-w^rk!ng machinery 
was kroiiglit out by Mr. Jlonry Wilson* (then manager 
of tli(! firitiiJbl' Powis, James, and TJo.*,«London). 'Jliis 
was what is known as the solid o» ‘ box ’ framing—that 
is, instcad»of the franTes of saw benches, moulding ma¬ 
chines, Ac., being bolted together in pieces, they are 
cast in one solid mass, tlnis securing greater rigidity, 
enabling saws, (niltor blocks, Ac.,*to be driven at a very 
hightelocity without vibration. This was nnattainfible 
iif iniudiiiK’S hitherto made with light iron^or wooden 
frainingSjsdtliongh in former years it was argued that 
wooden framiflgs were ]iivferable to iron, the vibration 
of high-speeded cutters being absorbed by the elasticity 
of the wood. 'J'lie fallacy of this reasoning has been 
amply disproved by tlu' almost universal adoption of 
solid iron tramiiigs in this country, ainl, iiiort' oi'^less in 
•Jinerica i*ii on the Continent, America hiflierto being 
11*0 g»eal*advocate for the use of wood^ Wo(H5,“niraniings 
might have the advantage of lightness and jwrtability 
svlft'ii used in unfrequeiitt'd countrie^^, and also f)e«sonic- 
whi^ less in ti^-t cost, bul«vhere machines are fixed for 
permanent ^ise ther« seems to l)e little doidd that solid 
iron frames are in,(‘y<'ry way i>reH‘rable, being stitfer 
iiiTl stei^lier in their work, niuch more durable, .ind 
josting less for repairs. A nufober of other iniprofe- 
nents were about this time introduced by Mr. Wilson, 
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ineludinj' a niacliitio for piwing;, adziiio, and boring 
railway sloci^ors, for wlu(j]i lie obtained a patent in the 
year 186*1^ 'I’lv arrangenfont fo;’ sawing was brioffy as 
follows:—‘ Endless belt;? 'oiirAed tht woo^ 'between np- 
rights, the width of the ron^h sleei^rko bo prepared ; 
six cixeular saws wer6 erected, under which the belts 

I t « 

carried tlm sleepers: the two outer saw!.„ctitothe sleepers 
to the length rcq\iired, while the other fonrtsj^wtf we*! 
set in pairs and'the proper position foranakiiig ci:ts to 
a C(;rtain dt'pth irt tlfe slc>epor, between whiVili cats, to¬ 
wards the ends of tin' sleepers, the wood is to be re¬ 
moved for the ehiiirs lo be se'ilted. The,belt then 
earrii'S Ibe slee|iers nnder tlie adzes or sets of cutters 
revolving horizontally, whereby the wood between the 
two cuts last mentioned is remov<'d, and the seats for 
the'ehairs an* formed, 'i’he sleepers thhs prepared are 
carried hv ^nidless belts to the boring machine, whidh'is 
arranged to bore the four nece.ssarv holes in the sleepers 
either vertically or at an anglp; after tiorfng they were 
shot from the machine by the belts.’ 

rmmediately following the Exhibition, Mr. W. B. 
Haigh, of Olhham, introdin-ed various inn^rovements 
into s.K.ving mai^iinery, including the mode of o|)erating 
saw henchi^s for cro!-s-cutting Purposes, in«vhich, iiij 
stead ofsiu^lving tlie bi'arings stationary wlihdi 4'arfy 
the spiinllr of ifie saw, thi'V are made mcoahli', .so thatr 
the s;|.w cin he r.lised and lowered as desirecl. 'Wie 
driving band passes from any driving*,pulley yvjjr a 
carrier pulley, and around twoothe* imIleySjand :ui on<' 
of them is central 1\ith the axis a swing lever, the 
length between tin' two'pnlleys is the saiye at ^ny poM- 
tidn of the saw, and fhe tension of the band is the 
same in all positiipiis. In large circular saw bonehes 
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the swing lerer is moved up arid (h)wn by a worm, 
gearinj^into a worm wheel ©r quadraut*fixed to thb 
bosS of the swing Mvei^ s<f tlilit when thaworn^is turned 
either by l*aV(i ot steam powlr, one way, it will cause 
the worm whod 01 ; quadrant to revolve a:jd depress the 
swing leader and brhig the saw bldow table, ift order 
to prevent iiCc^dwits when the tiniber is being placed 
0(1 the tgWe, and when tile worm i% turned the other 
way at will bring up th^ saw and cut the timber as it 
rises, and, a^tor the tiinbej has beeli tlm saw faji be 
again lowered to be out of the way during the removal 
of the cut timber. Iti smaller saw benches the swing 
lever is moved up and down by a screw and ,nut or 
other convenient means. 

A patent was also obtained b;^ W. Jeffery, Glasgow, 
for a» irnfirovt^l saw bench for cross-cutting purposes. 
Tti \his machine the saw spindh- was niyunted in a 
slide, to .which was given a scil-acting reciprocating 
motion, by m^ans of scre,w and bevel gear, arranged to 
reverse automatically by means of a weighted lever and 
stops. A slide plate could also be used for cross-cut¬ 
ting, the ^iw remaining in a fixed position. Tin* wood 
was held against a fence on this plate, and ‘pushed 
Jhrough tlie saw by ^land, a weight attachw^ to the 
sfidiug plate bringing it back to ij;s ^orig5ia> position 
«after each cut, 

•Mr. Samuel Worsm^n, in ltiC.1, patenh'd ,«u yn- 
prqycsl self-aVing saw bench. The jmproveinents i%- 
hited to tl^e nicclmnicnl arrangements for moving the 
timber on the saw liench, consisting' chiefly in the use 
ofmovajple f«ed rollers and a pair of rotating rollers 
for returning the timber to its original position onjjjf 
bench when a plan^ bad been sawn therefrom. 
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Of the great .variety of wood-working niaohines, the 
tjircular sa,x bench, in its many forms, is the ‘one, per¬ 
haps, in^most general us^’iu'’8l'; parts of't^ world, as 
before the wood can be snbmitted Co any 6ther process, 
such as mortising, moulding, &c., it n&nst first be pre-' 
pared*On the saw bencn. It is, therefore, <sf tlv? highest 
importanco that jt should be well»{irdportioned and 
adapted to the special class of work it tetp tt) per¬ 
form ; but this' is far from 4!lways beiTig carried out. 
We take itthalf £ru4 proportion denotes tltft just mag¬ 
nitude of the membefs of each part of a machine, and 
the relation of the several parts fo the whole. If this 
waa more generally borne in mind, we .should not, I 
tliink, .see so many ‘ abortions ’ turned out by so-called 
‘ engineers,’ which Ifts taken from Knglish inachinery 
more or less the high character it once held, a»d has 
in several,classes of industry proved a boon to'otir 
American rivals. 

In wood-working, as widl ,as other matjhinery, oreat 
care shoidd he taken in designing; a cmdain weight of 
iron, correctly apportioned to be.ir the wear and tear 
and high speeds it is necessary to run at, is far better 
and more economical than twice the amount of metal 
used h^aphazard; but how rarely does (his -matter re¬ 
ceive tlH; altenUoij it deserves. With some oiakers it 
seems thjjt so long as a machine maj' be made to work 
a^ter fashion and sell at a |!ertain price, their enfl is 
!lt.tained. This jnay be siitisfactory to,their pscjicts, 
but it ^ertainl^’ cannot be conside»ed us q^mducive to 
true engineering ^ogress. Of course there are some 
notable»exSeptions, and I think I cannot,do b^ter than 
reTer to Sir Joseph Wlntworth’s machine tools as illus- 
tinting great excellence of design and proportion, and 
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whose example in this respec^ it would,be well for many 
to imitate. 

As a wjoil-workinjf t^l* the saw bench^has the 
disadvantagre «f requiring: lai?gQ power to drive, and 
wastes a consu^mble amount of wood. This draw¬ 
back is, diON^ver, ftiore^ than cRunteA)alanced 4>y its 
general hini3ihe/s* and adaptability ^for con*erting all 
kinds of ^f,od, and its Utfle liability to disarra^ige- 
meiil» 

Fig. 1 irfiistrates a doiil)lo spindle‘or universal gaw 
’ bench for ripping, cross-cutting, mitring, jointing, Xx., b^ 
Thomas Wiiite and Sods, Limited. The main frame of the 
machine is cast in one piece, and fitted with a door to 
|iermit of the ready adjustment of the saws, and a solid 
partition is provided to prevent the sawdust coming in 
coytadt with the oj)erating mechanism. The .saw spinflles 
are of high carbon .steel, and are mounted on ball liearim's 
and in order to make the spindles perfectly rigid, the 
casino for the bearings foryis part of a circular disc which 
revolves in a machined bed. The table and spindles are 
operated by maidiine-cut worm gearing, and three fences 
.are providiyl to suit the various work. J!y sub.stituting 
a cutter block for a stiw, plain mouldings^iiay also«be cut. 
, The te»th of cireula'r saws, to do the best^nd cleanest 
wtu'kf slmuld travel about 9,000 fe^t jier {iinn^te, and 
^reat c.aro should be taken that the form of saw tooth 
IS Vlected that is most ^dapted for»the classVf Jiimber 
to Ije^operateil* on, and that they should be accurately 
and proper!)' sharpaned, and have the ri^ht amount of 
‘set.’ These points,are oftentimes* neglected, and the 
reSult is, a considerable reduction in the quaUty and 
quantity of the work turned but. The ‘piioking’»of 
the saws is also a matter of importance, as, if well 

S 
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packed,« saw of^tliinner jgauge can be run, which is a 
•eaving in p^wer and ulsp in woikI, wliich, wheii^ valuable 
woods ai]^ being sawn, is a'ujdtter of much luore moment 



FIG. l.—VSIVEUSAL SAW CENCJ 


21 



22 H'OOD-IVOK/C/Zip IH4CHIMBRY. 


than would at lirst app^r. I shall have something 
•further to sy.y on these pointe. * 

Fig. J illu8t.rates an adtoihalfic continuous roller-feed 
circular saw bench spqcklly'desigftod for'sawing deals, 
battens, &c.,^iut<) boards, bj John M'Howall and Sons. 
The ixaiii* frame is casff intone ]jieoe*and tite suiW spindle 
runs in three sets cA' bearings, one ol^’hfcJi is arranged 
outside the dnvii^ pulleys to withstand the ^jill "Of the 
licit. The feed'motion is drifen from .the saw spindle, 
an(| is arrasiged 'wifli four rales of fei'd ifarying from 
25 feet to 100 feel jier^mimite. The pivot for radial arm 
is mounted behind the .saw, towaiVls tlie delivery end of 
the bench, and is thus out of the way of the man when 
working the macbiiie. This arm can bo extended or 
contracted to suit saws of various diamctei'S, or swung 
ouP’ of the way for jobbing purposes. TTie feed gi*ar can 
be used for^eithor deep or Hat cutting. 


AVIien required for cutting window sills, iU'chinaves, 
weather boarding, &c., an ail^itional anghlar fence and 
fee<l pressure roller is provided. 

It is claimed that this kiuch is capable of sawing 
25,000 of lineal feet of 9-inch deals into ^oards in a 
working day of ^en hours. 

It iiecifhardly bo sai<l that ^.he successf*! workii\g 
of circuiar* and oilier saw.s depends largely* oii the 
shape of the cutting tools. In the engineering pro. 
fessioij^conimittees diavc long jioen in existence for S,hc 
^irjKisos of rcseaich and slaislardi.salion.'ijiid we liinture 
to suggest that .something of the Jrind haj long, been 
wantea in tho'woofKeonverting indiyitries, which are still 
largely .governed by “ the rule of thunib ” aj regards 
saws and cutting tools.* For instance, the same circular 
skfts are made to do duty for all kinds of woods irrespective 
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of the shape, rake, gauge, set,^ spaces, ajd speeds of teeth. 
Of couiSo any saw can be forced througli wood, but thy 
use* of an unsuitable •saw Sndoubtedlj^ means loss of 
power, wootl,* Qutpubs and rjuallty of work, anJt is detri¬ 
mental to the sawtitself. It would be impossible to have 
saws to .exactly suit every Ijind «f wodH, btit Ihcr® is no 
reason why 5}fty^«liould not b^ grou*»eil aecordjpg to their 
nature, i^i»l the most suitffble teeth,’&c.,'determined, if 
necessary, by aperies of trials. Tlio qisestion as to the 
beat spoect'for the saw and feed ^cd.suitable for 
different woods cotdd bo also ascertained. Tho*aT)ove 
remarks \^ill ap[>ly e(fially well to frame, log, baud, and 
other saws. 

The question of mounting circular saws on tholipindle 
is also a matter of importance, aisl care should be taken 
that,^n additftn to Indiig absolutely round, they a!« an 
ea.'iy fit—to allow for expansion—but not a loose fit, as 
in this ci\,se the saw is thrown out of centro,*aud some of 
the teeth do* not act on the wood. To secure absolute 
roundness in circular saws, ahd that the teeth are all 
shaped exactly alike, automatic saw-sharpening machines 
are now largely employed. 
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There' are a considerable number of circular saw 
benches made with self-actiiiff fePd motions^ to bring 
the timber up to the saw when too lu'avy or laborious 
to be 'pushed through by hand. These feeds vary 
according to the olass 4)( work to be performed. Mr. 
Samtfal Wor.ssam in 1873 received provisiolial protection 
for a simple feed esjHJoially adapted for deals ami bat¬ 
tens; before this date, however, the writer had applied 
the same plan to benches driveui by hand.* Itcons^ists 
of a grooved or serrated roller, or rollers, mounted in 
bearings underneath the table, whose periphery works 
partly in an opening in the table, and e.xtendj a slight 
distance jibove its^surface, to enstire the wood to be cut 
resting therc^m. Rotary uiotion ^s communwated to , 
the relief ,fiy*suitable gearing, capable of adjiwtiivjnt 
to equable the sj)eed of the feed roller to be regulated 
^s desirc'.r* lloldin;y-down roller*, or means as hcri^ 
tofe^re used, are dis|iensi‘d will*, and the pressure ofrU'c 
saw when cutting is relied tm sole1y«to keep.the wtiod 
in contact with flio foi’d roller. Inelyded in this sjteci- 
fication is^ a» Improved method of ‘packing’ tig) saw! 
For tins purpose loose blocks arc etnployed on each side 
of Alte saw, each block being fitted with adjustable 
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packing pieces. The loose ))locks aj^ fitted iu guides, 
fixed to^he under side of Mie .table and testin' ‘ filling* 
ill ]1ieci',’ and two scitwl^ate fitted to cacli^block, to 
work in nut8^i),rried*by tlid tal»le,and the filling-in piece, 
so that the eitlo.of the jicrews extend ^ the outer 
edges of, th» table.* Thus b^ tftrning the scre (»s the 
loose blocks^ Svi^» the packing pieces therorn, can be 
adjusted different thicknesses of t(jiW8. 

Np very striking novetty in connectifni with circular 
saw bench^ was shown in the fecfl»t Intcrnatioiial 
Exhibition in Paris. Messrs. Boilindcr, of Stockholm, 
exhibited p, saw ben^h for edging purposes. It was 
fitted with a horizontal plain roller-feed. Part of the 
top of the bench and one saw were adjustable by means 
of a hand lever to the widths eff the wood. A neat 
pendulum or Vibrating cross-cut saw, especially *dc- 
sigrlbd for sawing barrel staves, was shown ly F. Arbey, 
Paris. The stave to be sawn is bent under a powerful 
spring, placed* on a swivQlling frame, which can be set 
to any angle. The pendulum with saw is brought over 
by hand, and one side of the stave is sawn; the 
swivelling Irame is then set over the width of the slave, 
and the saw performs the same operation on the other 
side. 

* AaSiiHill machine tor sawing ou^ woodun Sogs was 
4 ihown iu the Swiss section. The wood is fixejjjn a vice 
fitted on a circular revolving (able, hnd is operijied yn 
by circular finc-tootbed saws, running vertically 
,and liorizon^ally; when the tooth is cut^on onj side, 
the circular table is iiiadc to rcvolve?and tjie other side 
of Ihe wcjpd is^erved iu the same manner. 

Iniportant though the subject is, our space will no^ 
permit us to notice^ all the varied forms and modifica- 



26 


IVOO/X WORK/Nd. <1/^ (.'HlA’KliY. 


tions of circular sriw beiiclies and their adaptation to 
different clatses \>l worV; )vo shall, however, briefly 
notice sop\e few of the mo^f ifliportunt. For cross¬ 
cutting heavy logs, wherh any eohsidemblo quantity 
are done, the,best plan is to^ arrange Ut? the end of the 
saw ndll whore timl^er* cqjtors, belofv the fiooi\ a large 
circular siVw, which can be raised fiAd 'ckqiressed by 
suitable gearing aliovo and below the floor lifl(^ and cut 
through the log as it lies on tlie ground; this efforts a 
conai<\erable' ect/nomy in labour, especially when the 
timber has to be convf'rted by other machines and the 
full length of tlie log is not required. For light cross¬ 
cutting pui'poses, a pendulum bench is a very useful 
form; in this case the saw is fixed to a frame or pen¬ 
dulum, which swings 6n a countershaft below the floor 
line. The saw is made to oscillate by self-acting«gcar, 
or can be bi>)ught to tlie wood by means of a treadle. 
The number and length of the strokes can be varied to 
suit the different widths of. boards. 'A somejvhat 
novel feature has latterly Iwen introduced in this class 
of cross-cut bench— we believe by Messrs. A. Kan- 
some and Co., Loudon. It consists of aself-a/ding stoj), 
whicb tail be tut to gauge any reijuired length of 
lioard. JTJiis stop is brought inVi position Ivlien the 
saw is refiriiig a<jti'ii making its cut, and movift («it of 
tire way pj it advances, so as to allow the boards sawie 
at J^ho ^ist stroke fo fall out,of the way iimnediatJly, 
after they are cut. For cros.-f-cuttpiig heiwy scanWivgs, 
deals,&(., variqus modifications of ofdinary saw benches 
are intri>due<jjl, th^ saw, by siiitiAle gearing, being 
made to» acft’ance through the wood amh retine to its 
tijs^. positiop ready for the next cut; these modifica¬ 
tions vary according to the size a;j^ cl.ass of work to 
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be doii^ As a rule, it must be considered preferable 
fcff^the saw to be made tc^ j)a«s through ihe wpod, in¬ 
stead of tlje^wood beiflg ^shed throu^ the^aw. For ' 
sawing railway sleepers, Dendhas are generally arranged 
with an endleSs••chain, forking oii^ royers of corre¬ 
sponding p^cli. This,cliaiij,carries loose ‘ dogsy" which 
grip the ‘niH ofetRc timber^ As each sleepA is sawn, 
the ‘ dog * is removed, and placed at»thc end of another 
log»f a coutinirtjus feed *s thus oblaine'l. 

In smstTl establishments, or wfieii* fonslant cjiojiges 
ai'e made in the work, a ripping and cross-cutting saw 
can be combined in the same bencli by mounting two 
saw spindles in a revolving frace phn.'cd beneath the 
bench, which can be moved round by a hand wheel 
and worm gearing, thus bringiiiO into operation above 
tl^; fevel of the bench either tin* cross-cutting or ri{i- 
ping saw, as reejuired. Saws of small (Jiameter can 
bo driven b^ friction discs. When much light wood 
has»to be cut to a cerluin length, as in box-making, 
a convenient plan is to mount the saw in a slide which 
can traverse backwards and forwards tlu-ough the 
wood by« hand lever, an viniforni liuision of the belt 
being secured by pij^ssing it over pi«lleys fitlbd in a 
’jibrating or pendulum frame. For edging jmrposes 
thr?c or more circular saas can #bc; inounftd on the 
same spindle, and a. hori/,onlal roller-feej},atfaclKjd. 
Both the feed, and saws«sliould be*made adjuij^ibltifor' 
dilTdfent thiSknesses or Vidths of ^’ood by worm'or 
rack and^)inion §ear. The feed rollij can Ijj) driven* 
(Jjrect from the saW siundlei. 

For* gre^ving and rebating purposes ‘the * saw 
spindle runs in bearings tixe<l on a slide working In a 
bracket, bolted tc^ the under side ol the liench; thick 
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saws of about I'2 fin. diameter, varying according to 
tlfe width of ."roove to boccut are used in place of tbe 
ordinary riuping saw. By means’bf a band vrheel and 
screw, the slide can be raised or lowered for the saw to 
project above the surface of the bench''tlie exact depth 
of the groove to be cut, and the wood is paSscd 'Over it 
in the usual'manner. Benches are alsd i^xed on wheels 
for forest use, or where they have to be cbestantly 
moved from place to place, afid arc often otherwise 
varied in their ooiistructive details to suit spVcial con¬ 
ditions or eircumstaiiceS'. 

Fig. 3 illustrates a combined horizontal and vertical 
feed saw bench, by Thomas Kobinson and Son, Limited. 
The machine is* used for sawing small logs, sleepers, 
&c., and in conjunction with breaking-down frames 
for resawing the largo flitches into whioK the 1(% is^ 
first cut. 

The frame is a massive cored casting, and the con¬ 
struction throughout is particula>-ty strong.' 

The Si\w spindle runs in three enclosed ring-oiling 
gun-metal bearings, which are liolted to planed seatings 
cast in the frame. The driving pulleys arc carriott between 
two of tlic bearing^. 

The fence is ailjustablo in all ilirections, and*’can he 
moved up tc l4 incl^estfrom the saw. It is also sonictiifies 
made to cant. 

o The (iombined feecPof this maplifne is worthy of note. 
In hig cutting the hi^rizont.(l roltcrs jye brought into j»lsy 
lor feeding. I«?ing power-driven. They stand- sligbtly 
alsivo’the liench.and (jiirry the log forward. Tha weight 
of tint timber'and the downward jiressure caused by the 
actioh of the revolving saw are sulfieient to ensure a 
regular and elficient feed. The vertical feed rollers can 
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be used in conjunction witluthe horispntal feed to hold 
the flitcTjes up to the fence, 

*The horizontal feec^rd^^oPs have rev^snig potion tor 
the return ot^he 1<%, and’tlnr’lyindle which reverses the 
horizontal feed fti(>Uon at th| same time throws the vertical 
feed out^of ^ter. Tltere is thusno possibility of a'feawii board 
being rct .irartl qj;#inst t!ie saw by tlie vertical Ifeed rollers. 

■Whqji* resawing deals *and flitcl^ps into boards the 
vertical feeu is. brought ^to action. It consists of two 
toothed rotfers mounted on a radial artn canried from the 
i»ck of the bench. Tlie rollers can be adjusted vertically 
for dill'ertfiit heights of timber, and the radial arm 
automatically adjusts itself to different thicknesses; it is 
3liain-driven. Mr. G. I* Molesworth, G.E., iutrotfueed in 
the year 1856 a self-acting revolving wedge, in the shape 
of a *vbeel, tlnck at its centre and sloping down an 
edge at its circumference; it revolved on centres at the 
end of a Ifiver, which was free to traverse along the 
feather of a* rocking shfift. The rocking shaft had a 
lever, which caused the wedge to be held with an even 
pre,s.snre within the cut. The whole was arranged 
clo.se beheld the saw, and the wedge revolved by the 
friction of the wood as it advanced, anjl e.xerted an uni¬ 
form pwssnre in rdlieving the saw, an<? could also 
ddapt itself to irregular as well as straight Jav^ig. 

I'ig. 4 illustrates a ra<’k-feed circular .saw bench /or 
bftef.kiiig down logs ii*t(^ scantlings* Ac., by A.*jJansome 
a'liJ W'o., I jmi^'d. The tin*ber is carried to the saw upo« a 
double bed^steel travelling table arranged with arar-k-feed 
which can be varie^ from 12 feet t(»40 feet per*minnte, 
ahd hasji I’etyrn motion of 150 feet per nimwte. . AJl the 
gearitig connected with the fedd and return motioits of 
the table are attached to the main bed of the maefiine, 
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thus making it self containecV Manyjof these machines 
are fittoft with a variable friction feed (Miles’ Patent) 
whidh enables the spead (ff*ttie feed to jpe varied whilst 
the maohiiu* Ih.in motion, aw advantage when doling with 
rough or crookeS iynber. With this feed the backward 
and forwg,rd*otii>u»are botfi driwn fvotii thlj s*w spindle 
which is fitted \^tti self-lubrfcatin|, self-oiling bearings, 
lly this armngeinont the necessity of havflig an indepen¬ 
dent drive foi tl;o back motion is avoided, and when the 
inacfiiiie is/lectrically driven the mufcor cap be coupled 
directly to tlie saw .spindle. 

We hi^vo noticed«Tecently an improvement in im¬ 
parting motion to rack-bench tables. It consists in 
working the rack and pinion by which inofion ^s im¬ 
parted in a horizontal plane, instead of a vertical, as 
hitliejto, the ifide of the rack being bolted to the nifder 
sidt" of the table instead of the back. The objection 
to the vertical method is that sometimes work has been 
damaged by Wie rack riding on the driving jiiiiion, and 
thus raising the tabl(>. 

Circular saws up to about 7 feet diameter, but not 
above, can be worked with advantage', notwith.standing 
the large power required to drive them. Timber re¬ 
quiring *iws of greaR'r diameter should 1«.‘ converted 
l<y r 4 ;.oi|*i-ocating or straight saws. In Amettru. circu¬ 
lar saws are used of much thiidcer g.aVge than in this 
eiftiitry, ami witlionk packing piipjes. Thik‘practice, 
lio^v^^ver, mujt 4)e conclqjnned, both on the wore’pvf 
was^efnlness of poweV and wood; nftther is the work- 
done so clean or true. Less skillei^labotir maj-’^erhaps 
bl used^bnt yven this is a doubtful ecolTopjv. Coown 
and cylinder saws are used slOmewhat in the United 
States, but rarely here. A di.shed circular saw tor tift- 
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ting out curved /orms was invented bj a Mr. Trotter 
in 1806, b\yi the ■ band ^and fret saw has now entirely 
taken its plac^ 

It was the practice, 6f some Anjerici'ii’ engineers to 
make the top of their saw^^ benches of narrow strips of 
diffei*nt*vvo<)ds*glue4 up togethe., but Uiis.has now 
almost Entirely been abandoned iti', fafvmir of iron. 
Many of their bepches are fitted with spindles arranged 
with an expanding end, to si^t saws with holes of dif¬ 
ferent sizes^ this^is worki'd by means of a'cerew at the 
one end of the spimMe, and obviates the necessity of 
bushing the saw spindles. '• 

In purchasing or making a saw bench, when' 
low first cost is not an object, and whore a really 
durable and elHcient wiachine is desired, care shoukl be 
taken to have the saw spindle made ^ Bosseuer or 
other steel, of not too hard a texture ; or, if iron is used, 
it should be of the best, and free from seams, or the 
bearings will vapidly be wovn away, alid sometimes 
‘tired’ by the friction, besides requiring constant 
lubrication. The bearings sbould b(‘ of best gun 
metal, or, better still, of phosphor-bronze to which 
metal we hope refer «Kidn, as its merit for la-arings 
is great, it^ increased cost only,*we believe, preventing 
its genetaUsido^titn. We have seen bearings <com- 
posed of an alloy of 100 parts of tin, 10 parts of anti- 
raoiiy,rai»l 2 ptirts hf copper ujed,iind they are reported 
t* wear longer th^n gnn metal; but of Wiis we ciarnot 
sjwtak personally. We should imagine for heavy ma- 
cliittes this alloy wo«ld be much too^oR. With spindles 
carrying stfws above .“IC inches in diameter, there should 
be*thrce sets of iDearings, whiidi should be placed as 
farapart.as the width of the bench will permit; one 
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iiet on the onts^e M the drivjpg pullej^s. The driving 
pulleys off the sAi/jj spindle ^should not be Cj^ too small, 
diameter, and shpi^ be«ulBclbntly wide ^ carry belts; 
a siife rule ^ay? c«)e-qiiitrte/of the diameter of the 
%aw used. Efficftijtij'lubriciitioii ef saw spindle should 
be secured, aiid is ^ great importance,* as sh<tOld,heat 
from the si.i«dlo*W{commun*cate(f to the si'3l^, it de- 
stwys the^8#iffne&s of the plsfte, and giyes a tendency to 
‘ buckling.’ Car« also shc*ild be taken that it is worked 
at its*right *peed, as it is found that, ihrun at too <»reat 
h rate, it becomes wavy and pliaiit, and runs nnirne. 
We have already spok«n of the best form of framing, 
and, in concluding our renmrks on these points, we 
should recommend buyers not to be tempted by a very 
low price, as they will find it impossible to j)urehase a" 
good jyid usefifl machine without paying a fair prfce 
for the design, workmanship, and materials embodied 
therein. We may mention that the smallest circular 
saws in use in* this country are, >ve believe, those em- 
ployecf in the manufacture of pens, and they range 
about half at; Incli in diameter. 

For siiw^benches cutting above 12 inches deep, self¬ 
acting feed gear is to Ite recommended, ^is the labour of 
pushing H*e (imber tbitiugh (he saw is exce.ffeive. For 
pliTfn joU.ing benches, af iiny rate,the li()-gSP sizes, 
Wirned revolving rollers should be pbieed at the front 
end*Df the bench, as tlbs^lessens somewliat tT.e Libour 
reqinr^d in feeijfng by haml. For veiT light or orna. 
,ment,-j^l work a smafl saw-bencli can conveniently 
be driven by the facth Tin' top of tlw table outsfte the 
saw* should b.>,aiTang('d to angle for cuftiag mitres, 
and the whole table-top made to*cant endways for ligtit 
rabbeting, grooving, Ac. Wlten ‘ drunken ’ sa ws -tlAf 
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is, those fixed oJ)liquely on their spindles—are used for 
grooving p preference to saws of a gauge* the same 
thickness as ,the groovd ^qolred, if the collars em¬ 
ployed to keep them ip'p)a»tiou a?e made lo a consider¬ 
able bevel, they can be sj arrange *'by turning then!i 
rouivl, tha^, with one set of oollai<i, the saw can be set 
to alind^t any angfe to ’cut any wKTfh’■groove desired, 
or it can be fi:^ed at right angles to thd'{ipindle-for 
ordinary sawing. This plan ^loes away with several sets 
of collars., Thtf peripheries of circular slnvs shonld be 
S{)eeded to travel abeut 9,000 feet per miuuto. 



CHAPEKK V. 

IMBTIU AND DliAIi FKAMES, feTO. 

'Under tlic above lioading we i>urpo.sc noticin;^ the 
varied ibriiis of niacluBes geiierall)’ known as recipro¬ 
cating or mill saws. The stiuiglit or mill saw w.as 
known and in use some hundreds of years probably 
before the circular saw. The datg of its introduction; 
and wljen it wa» iirst driven by other means than liaTid 
pow^r, is uncertain; several writers, however, mention 
the fourteenth century as probably the earliest period. 
Montfaucon (‘i/’Antiquite Expliquee,’ vol. iii., pi. 189) 
gives r<!presentation of Ivvo ancient saws taken from 
Grutor, one the blade of a saw without any i'raine, and 
the other a^ipareutly a cross-cut saw. Some interesting 
accounts of an early saw frame or mill^. as it is^'alled, 
avtt giveiijn Tlardwickf’s ‘ Mi.scellaneou.s StiKte Papers,’ 
fr(Rn J.50J to 1720, p. 71. In the year 1.5,%, the am- 
Jjassador from Mary, Queen of England, to the Court 
of Some, having noticed a saw mill in the ndig^bour- 
hbod of Lyons^'describes it,as follows:—‘ The saw inAl 
is driven with an upright wheel; amf the water that 
inaketh it go is gathered whole into, a narrow though, 
which delivereth thi‘ same water to the ^l\*;el. TJiis 
wheel hatli a piece of timber pflt to the axle-tree eifd, 
like the handle of a broch, and fastened to the end*of 
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a saw, which b^ing turnfd by the force of the water, 
boisteth iju and dowij the saw, that it cSMitiuually 
eateth in, an^ the handl(j'of«the same is kept' in a 
rigall of wood from ^Werviiig. Also.thS timber lieth 
as it were upon a ladder, \jhich is l^A)itght by little and* 
littl» to Ihe saw with another vie#.’ Before .the intro- 
ductiouVof saw frames (friveii'by Witter 0* wind, timber 
was generalfy cpnverted t>y the aid of th< jvedge and 
pit saw; the latter had a reciprocating motion ^iven 
to it by two or more men. In isolateitiidistricts, or 
where little timber, is required, these saw-pits are' 
in considerable use even at foe present, time, .and 
men can be found willing to convert some chisses 
of ti’mlier at a cost not greatly in excess of that sawn 
'by maelunerv; the ^process is, however, much slower, 
and as a rule mtt so well done. Tile earliest saw 
frames in use in this country were constructed almost 

I * 

entirely of wood, and are described by an old writer as 
follows:—‘ The common saw-mill, whidn is generally 
employed in cutting timber into planks, consists of a 
squai-e wooden frame, in which a number of saws are 
stretched; this frapie rise's and falls in another wooden 
ft'amei secured,to (he foundation of the mill in the same, 
manner arf a window sash rises'and falls. The timlvr 
to be cai; i^ placeij uikhi a horizontal hed or. cau-ia'ge, 
sliding ujsm the floor of the mill, whieh being sulfic 
ciently naiTow to jsiss through the inside of the verKcal 
or moving saw-frame, will carry the true through,and 
subject it to the action of the saw. The caiTipge is, 
provufed with a riM-k, whieh is engaged by the teeth of 
a pinion, nnd thus gives the means of, advancing'the 
cifrriage. The pinion’is turned by means of a large 
tatchet-wheel, with a click mo\ed by level's connected 
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with the saw frame; when *the saw .frame rises the 
click slips over a certain nuipbei’ of teeth of ^hc ratchet* 
wheel, and when it desc%ndi< to make th* cut, JJie click 
turns the ratc-lict wh^l rotlnd,* aiid advances the wood 
’forward just as mhch as th^* saw cuts dufin^ its de¬ 
scent. The ^ees ai^ generally’ dfagged up an incHined 
plane, throng* a A8or at one end of the mjll, and being 
placed uppfs the carriage, they pass through, and are 
divided by the saw into t^’o or more pieces, which are 
carried forvrttrd, and passed out at a d^or oft the (Oppo¬ 
site side of the mill.’ 

Bentham, amongst’other machines, supplied a num¬ 
ber of saw frames to the Government cstablishmeqts at 
the close of the last and the commencement of the 
present century. We do not hint, however, record jof 
any special invention made by him in relation to this 
particular class of machine. In 1805 and,1807 Bru¬ 
nei took out patents for improvements in sawing 
machyiery, included in which was a method for fixing 
and tightening mill saws,, which was introduced by him 
at the lioyal Arsenal, Woolwich, and elsewhere. It 
may be de^jribed as follows:—£aoh saw has pieces of 
metal formed like hooks riveted on eitfier end.* The 
haok at tl*o lower end’of the saw falls into a proper 
rec*es» made in the low'cr cross-bar»of, thcVrJaie, and 
ttic upper hook is engag(Hl with the hook of |i shackle 
or ifnk which hangs npbn,tli(! upper*cross-bar, a»d Inis 
we(%(» through it, by^meaits of whicl^it can lx; drawft 
itight^) stniyi the saw. As the tension of the |jiws is 
in a measure uncertayi when the wedges of the shackles 
are merely' clrkcn by a hammer, Brunei eitiployed a 
very ingenious steelyard, which exhibited the degree 
of tension given t^ the saw. A strong spindle ex- 
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tended across thp fixed uprights in which the saw t’rame 
■ slides, and^ibove the tojvof jthesc uprights, from one side 
of this spindle/a lever procef ds,*\Thich has a weight fixed 
at the end, and from the'op^site side of»tW spindle two 
short levers^ are fixed. T(jey were* Connected by links 
to a trosl-bar, situi^telSl just over the uppPy cross-bar of 
the sawVraine when it is at its greatest ^oint of eleva¬ 
tion. This cross-bar of tke steelyard hail a shaekle 
upon it, which‘can be united^ by a key with any o/ the 
shackles upon ftie cross-bar of the saw Ifame, which 
shackles are, as before mentioned, united by the hooks 
with the upper end of their respective sarws, and by 
this means the lever and its weight become a steel¬ 
yard, to draw up any one of the saws with a deter¬ 
minate force. In using this apparatus, the crank is 
turned round to elevate the frame to the highest point. 
Two wedges are then put in between the saw frame 
and the uprights, and this holds the saw frame fast 
whilst the steelyard is applied. Tlie sbarpened saws 
are now put into the saw frame, by hooking them upon 
the lower cross-bar, and uniting the hooks to the 
shackles on the upper ero3s-l)ar. The Hide upon the 
cross-bar of thr steelyard is united with the shackle of 
one of the saws, and by allowing the stAilyard to 
dcaceiul^it .'stretches tin; saw, the wcilge beirtg thrust 
in by haiid as far as it will go, thus retaining the sail 
at thet tension to Which the ftitblyard (las stretcheS it. 
This same operation is perfia'ined on all the saw8,'w3'.ich 
are thus strained equally. Brunei also erected several' 
reciprocating saws for the Government, including one 
wol'king a^specially thin-gauge saw with fine, teeth, for 
cifcting sheaves from lignum vite. The plan of holding 
and feeding the timber bj be ojieriilpd on is ingenious. 
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The tree of lignum vite is {)lace<l horizonially in a 
large vice* which is opened and shut by two screws, 
both moved at the samv tJ^i# by cog w^jeols, connect' 
ing them so aS.to mbve tl»e jifws of the vice parallel. 
•The machine be*ng, used for cutting the ends of the 
trees into proper thteknesses for •the fihea^esf the, vice 
which held tiWtrW was'provuied with a sere’/, which 
advanced ^afid gave the prdper distance ’every time a 
sheave was cut off'. The vise was fitted on^parallel slides, 
so that the«Y'ecos cut off should hawj parallel sides. 
*rhis inachinc was used for cutting up the lai’gest-sized 
trees, the smaller beitig converted by a circular saw 
fixed in a horizontal swinging frame, similar to the 
action of a gate or door. The timber was also hiade 
to revolve, thus presenting every,part of its circum-’ 
ferenci* to the ifetiou of the saw; the saw was therefdte 
enaCled to cut through a tree nearly its own diameter. 
The whole arrangement was decidedly clever, but our 
space ^recluddfe more than a passing notice. We must 
not, however, omit to add that Brunei was most ably 
seconded by the late Henry Maudslay, who carried out 
the invent(jr’s ideas with the greatest skill and accuracy, 
and introduced many improvements of Jfis own. , 

, A piitafiit was graiftcd to Charles Hammond, Lon- 
dofi, iSll, for improvements in machinery'foCsawing 
«,nd planing wood, described in which’are feed rollers 
for bringing the timben uji to fraina and circfllai^ saws, 
&c.^ 811416 plan of. feeding timber has bedp 

adapted to planing, moulding, and ‘other machines, 
and has formed the subject of several pateifls, in- 
cluTling tjjat gj-eat American monopoly, th«? Woodworth 
plain r. 

We have before us the drawing of a deal frame fof 
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cutting two dealj at once,*constructed some fifty years 
.since by ij Mr. Haiglj, of Eatcliffe, for t!ie Dutch 
Government. *The frani^rjbrlf, saw frame, &c.J are 
made o^ iron, instead,, of wood, a% generally hitherto 
used. Tlic saw frame has square, Vertical, adjustable' 
guidos, r&ck feed-motion, with raWhet wheel and paid, 
adjustaftie friction rollers, fly wliA;!, fwt and loose 
pulleys, Ac. * In/act, it dilfers very little In,, essential 
particulars from many deal? frames .now made,, and, 
consideriufi the Gate at which it was bdHt, must be 
considered a first-ratf‘ specimen of engineering skill.' 
About this time also a machine eft'apparatus»for cutting 
piles under wate'r by inc.ans of a reciprocating saw was 
introduced; who its inventor was is uncertain, but, it 
Was probably of Continental origin. The machine em¬ 
ployed for tliis pnr[)oso is required to give the saw three 
motions—the first, by which it descends lielow the level 
of the water, at the same time preserving the blade of 
the saw in a horizontal position; the ifocond, a,hori¬ 
zontal motion in the direction of the length of the saw; 
and the third, a horizontal movement in the direction 
of the breadth of the saw, which enables it tp follow its 
work a^ it advapees into the pile. This was ettbeted in 
the maehifte under notice by fwo platfornu,, one of 
which fSisJmade jnovable by rollers on a li’nimiwdrk 
attached to the top of the piles, where the workmcis 
stand in ‘working 4he saw; fh« second platform Vas 
j/oced below this, and attached to it by hour roils^, lyitli 
racks and pinions, by means of wfiieh it could be raised 
or depVessed, according to the dijjith below- the level 
of the watpr'the pile was required to be.cut pff. The 
saw was fixed to a eiirrifige, which was movable on the 
I6i<er platform, on rollers in the direction of the 
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breadth of the saw. A rack was ^attaclied to the 
carriage, which engaged a yinipn working yi the lowe» 
platform; this nieilh8,\tlTe carriage,and saw were 
pressed forwaal agatnst tire pile, ** 

Saws or bla(fe8P{or cutti^ stone, marble, &c., driven 
by steam, vftjre al%o now in "use. 'The ^ws. were 
stretched in •it i^ibng traine, and received a horizontal 
recipro<-iij;flig motion from* a steam, engine. A very 
complete imirble mill wSs made by a Mr. t'olliss, and 
erected insllio neighbourhood of XHkenuy about the 
year 1830; the m.'ichine was arranged to work twenty 
saws and five polislieft. The saws were of soft iron, 
and lasted about a week, and were worked with sand 
and water. The marble taken from tin' mill was first 
polished with stone called cove st®n<>, which is a brown 
sandstone it wis afterwards polished by a hon<> sloTie, 
winch was a piece of smooth nodule of the argillaceous 
iron ore found in the hills between Kifkenny and 
Fresl^ford ; it’ received it^j last polish in the mills with 
rags and putty. 

In 183i) Messrs. (Jibbs and Gatley took out a patent 
for ‘certiyn improvements in machinery for cutting 
wood and other materials.’ The impr^ivements*chiefly 
relate te^eombinationS of machinery spccisflly iulauted 
for casliJinaking, but inclinh'd in tln^six'cill(^atf5n under 
claim No. 5 is, ‘ in constructing an ordinary vertical 
saw frame or niachine‘ii^ such nuumer that outset of 
Ra.»ss 4ind thei» frame shalUat all times balance anoth*«r 
set <\f saws ^ind their frame.’ This improved couiiter- 
halanced saw-fr.iine^vas fully illustrstcd and described, 
iiiil froui,fhe illustration it is seen that tl*e«fwo eriMiks 
ire on tlie same plane in ojipos'ite directions, and tltat, 
Jiereforc, the resis^incc of the cut and the weight* of 
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tlie saws will be bfilancecl at every point of a revolution. 
This arrangjniient has bQcn the subject of at least one 
patent since the above date, 4>ut we arc at a loss to see 
wherein the originality of the later patent^ies, except, 
j>erhap8, in the matter of small details. This affords 
one ofntbe' many instamies of the haj>hazanl manner in 
which patents are granted, and alSo', the need that 
exists for reformation in this as well as othel points in 
our present system of patent administraition. 

Following 18-% we do not find for som'S'years any 
inventions or improvements of importance relating to 
reciprocating saws. In 1848 T. H. Barber, of London, 
took out a pati'iit. in which a great many contrivances 
are described, including some improvements in saw 
fihmes; but the specificatum relates chiefly to bevel- 
sai^ing, iind means for facilitating the same. In. 18.50 
Mr. Amos Jackson, an American, brought out a machine 
which he proposed to drive by the weight of the log to 
be sawn. Although unpraothcil, the originality of the 
idea merits a short description. The rails on which 
the timber carriage travelled were fixed on bearings 
attached to a frame, the opposite ends of ^^hieh were 
fitted with large,segments <d' a toothed wheel, working 
into a series' of toothed wheels anil pinions. M'hen the 
log was ^isjied for^vard to the saw, its weight Wi*s to 
act through the segments on a shaft having several, 
inlermtjdia'te gearings, which would increase the s|)ted 
suAiciently to drive the eiiudc shaft. ^I'lie saws, [jpo- 
[K)sed to be used were to be ina.lc thick at the points of 
the teet^i, tapered to a thinner gi^jige at the back of 
the saw, and *to be run without setting. ..In ^852 Mr. 
Jolfti McDowall, of Jolinstonc, brought out and pa¬ 
tented ‘a high-speed tension sawin"-machine.’ It con- 
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aisled of a single miil-saw, dviveit at a high speed, with 
an arran^raent for giving increased tension to the saw. 
withhut using the osdiifj^ii'J' heavy s^w frame and 
buckles; alsd^.n ad^stment fbr regulating tCe ‘over¬ 
hang ’ of the sa^, fcccording to the rate of feed given to 
the timber. 
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CHAPTER VI. 

TIMBER AND DEAL FRAMES, ISTC.-'^COtllinucd. 

, > 

In tlio year 1854 Mr., Jaun's llaiiiilton, of Now York 
patented an arrangement of vcitical saws especially 
adapted for cutting ships’ timbers. A machine, made 
under this patent, was erected at the shipbuilding yard 
of klessrs.^Vigram apd Son, lllackwall. The machine 
ran two .saws, which cut both sides a». once o+’ any 
timber ordinarily used in sliipbuilding. Each saw was 
hung in such a manner as to be free to turn on its 
centres, and jiresent its cutting edge in .any required 
direction; they were also arranged to move laterally in 
the saw frame. Tliis movement was obtained by 
stretching each saw in a separate frame, which frame 
elided sideways i^ithin the principal frame. The saw¬ 
yer controikd the jHisition of both the saws by holding 
a lever onguide in ^‘ither hand, and thus manipultitell, 
each saw was made to follow tlie line on the timlier to 
any desu'CU curve os ta[)er. 'I'lii.v bevel of the timbet 
wg's obtained by causing it V revolvi' sijmewhat^as^ it 
was fed up to the saw, ami the exact bevel necessarj at 
every point was llnis secured, and the timber left the 
saw .suHicieotiy true to require little or no trimmiifg. 
An I adjustable crank or disc for varying the length 
of* stroke of saw frames, and' some other improve- 
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inents, Were patented by S. n' and 4 . Sparkes in the 
year ISSf. 

Ill 1859 ^tlie late Mft fc?j^niuel Worssjim, of London, 
brought out and patented* seTCT^l important improve¬ 
ments connected vtith timber and deal frames, foremost 
amongst whiCh was*an improve<> Joed' for'saV fteines. 
It consisted .5f iti! eccentric *paul or pauls vviifking in 
a groovecj Wheel. The ^laul was coajiected to a lever, 
whicdi was keyed or otlfbrwise fixed « 3 n the shaft or 
roller which'drives forward the wood to the saw. The 
rate of feed could be varied from 1 foot to 1 feet per 
minute, according to the nature of the work, the num¬ 
ber of saws carried, &c. This feed has the advantage 
of being nearly silent in its operation, and is now 
in very general use. Included.in this spia-ificatioh 
is an iinpr<^ve(f ‘sling’ connecting-rod for driving saw 

frames. 

In the Exhibition of 18(J2 Messrs. Woi-ssam ex¬ 
hibited a very complete portable deal frame, designed 
chicHy for builders’ use, adapted to work about ten 
.s.aws. The whole of tlie working parts were fixed on a 
east-iron l^se-plate ; the connecting rod was worked 
from a single crank, and was looj»ed, t« clear five rack 
which pJtas'Ml througfi it. The feed was *1 lie patent 
arraisgeitimit to which we have just ivfcrred.* if vacuum 
^‘ylinder to balance the weight of the swing frame was 
ap^ied at the^top of*tl(p fixed fnime. Thfs ejlinder 
wim fitted with the usual .piston and piston rod; (fft 
lattoi’ was jonnected with the swing frame. As the 
swing frame desceyjded, and the .piston witl* it, a 
vacuum \jra 8 formed in the upper end of *tl*t'cylinder, 
and the resistance of the air in the lower end of the 
cylinder balanci'd tin* weight of the moving frame ;* a 
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valve at the upp^r end of' the cylinder allowed any air 
•that mightjleak above tjie piston to escape. 'This idea 
was, however, pot novel, as,a similar arrangement was 
introduced, we believe* by Mr. Jades Na’f, of Glasgow, 
about the year 1851. We may hete describe a very 
novel,'method of stretching saws‘by mians of com¬ 
pressed air, introduced and patent^ itu America by 
Messrs. Rapp and Wright about this time'} ,we have, 
however, never seen it in fise iii tkis country,_ and 
doubt its u/ility,'but from its novelty, if liothiug else, 
we think it deserviug«of notice. The saw was stretched 
by the aid of two polished rodk which paos through 
stuffing boxes into cylinders, where they were attached 
to pis'tons, which received the pressure of the com¬ 
pressed air. The contiguous extremities of these 
cy'linders were put in communication by means of a 
pipe, so that whatever pressure was generated beneath 
the top piston was equally felt above the bottom piston. 
The air was provided by ineaps of a smalt pump, which 
made good losses by leakage. As the saw moved up or 
down, the air changed its position, rushing through 
the pipe from one cylinder to another. J5_r means ol 
the compressed, air, the inventors claimed that they 
could sti-etl'h saws to a suffioieiit tension without the 
usual saV ffarae, thus enabling saws of a thinifer guuge 
to be used and a higher speed to be run, but we artf 
afraid .anything gained in tjiis particular would be 
more than counterbalanced by^ the nr.inifest disad¬ 
vantages of the plan. A number of saws /itretched in 
this manner were, however, we be]jeve, made, and used 
in Buffalo und other [larts of America. 

•In our Exhibition of 1802 Messrs. Powis, James, 
anti Co., London, exhibited a mqphine with a com- 
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bination to cut *both timber* and deals, which was 
then sonfbwhat of a .novelt)-. ^ The timber was fed by 
means of fluted roller% il^cf was kept,steady by uni¬ 
versal jointtifl, pressure rplleA ,a.t the sides and top, 
acted on by spi^n^s to adapt themselves to inequalities 
of surface. JThe 'c>oss-heaas ofvthe swing ftame were 
of steel, an^ coflrtterbalaucefl by lly wheels, tile frame 
was arranged to drive frtmi above^or Vdow at 190 
revolutions per .minute, S'arrying saws* adajited to cut 
timlier 20*inches deep. Messrs. Jt and.T. Young, 
'of Ayr, also exhibited a fraimv adapted for eutting 
deals. Wjth the cxfeptioii of its being driven from 
the top of the machine by an extra long connecting 
rod, it did not possess any special feature. 

In the year 1860 Mr. W. B. Haigh, of Oldham, pif- 
tentettvarion 8 *iniprovemenls in connection with vertffal 
saw frames,and direcl-aoting engines for driving same. 
The swing frames were arranged on the equilibrium or 
balancing priTieiple, and were joined by connecting rods 
to ei-anks set at half-centres on the shaft of the steam 
engine, in order that, the swing frames may move in 
opposite directions ami balance each other, and also 
(‘liable the piston of the steam I'ngiigi to hav»' eijual 
work at •!! parts of i^ stroke. The saw frtiim' is cou- 
iu*bt^l nt the front to the piston lyd, and’^it €Iie back 
•to tin' connecting rod, so that the pre.s.sure of tin' cut 
is divided between tlie piston rod»and the sayl eon- 
nc(;tiyg rod, awd therebj gives equilibrium to the .strain 
I upoij the working parts; but, when (desired, the piston 
rods can lie at the b^ck, and the coivnectiiyj; rods at the 
friJlit. 'J^he shaft of the steam engine is uentr.al with 
the half-stroke of tin' piston, ;tiid the (•onm'cting itids 
are brought down from thi* piston rod to the craiflvs. 
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which arrangement savee.the length of the connecting 
.rod and shortens the framework to a contesponding. 
extent. 'I’he feed is giveii j-o Uie timber in the usual 
mauner' by two separate eccentrics wpdiing on the 
crank shaft, and connected by rods to panls working 
in t>x») giXKjred whccle, fixal to tho shafts-of the fluted 
rollers 'on which the timber restis, au(l the fences 
a^minst which the side of tiie timber is in contact are 
adjusted by sot screws and>. fixeTl tq the stationary 
frame. Tly rollers for keeping the timber^igainst the 
fences arc connected two vertical shafts, working in 
bearings at each side of the frame, and to eqch shaft is 
fixed a lever, attached to a spring by a rod, having a 
screw'sutticiently long to shift the roller for taking in 
various thicknesses oj' timber, there being on the screw 
aftvl again.st the lever a nut in a hand wheel, which is 
turned to shift the lever and the roller and give the 
necessary friction against the fence. The holding-down 
rollers are connected to large nuts working on screws 
in connection with springs in the usual manner, for the 
purpose of adjusting the rollers to the various sizes of 
timber to be sawn. 

In ^he steam engines for working the saw frames 
the slide l«>x and valve are plated at rights angles to 
the lengih ef the <wlinder, and the steam pasaiagt» are 
arranged accordingly, in order to work the slide direct 
from the fcceiitric by a straightaoil. 

Foflowing the Hxliibitivu of lhC2, Mr. Cj/afles 
Frazer, of Norwfch, introduced and |iatenti-d seyeral 
improi^Miients in Jeal frames, one 'of which was the 
intyoductii^ji* of feed rrillers on the fence side of 'the 
deal, working in coiijiniction with a wide feed-roller 
4 cling on its other side, thus securing a greatly in- 
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;ieased feeding power. He’ also eliyined the use of 
sounterbilanced saw frameij; l)ut this plan^ we think,’ 
[■an liardly be consideibd povel* as it is described in 
Gibbs and Giftle^’s plitent, >diitt‘d,1835. Frames built on 
this plan, howevei^ pan be driven at a greatly increased 
sjN;ed. Wh^her litis is an advabt^ige or not* l^s been 
the subject «f s^ %uch discussion amongst engineers, 
that we ^llall not enter on the question here. Each 
swing frame is fitted wiHi a separate Teed motion, so 
that on onta^idc of the frame a deal cdn be fed thtjjugh 
the saws at the rate of 5 feet »r (i feet per minute, 
whilst on tl»e other sitle of the fi’aine a piece of hard 
timber could be made to travel, say, 1 foot per minute. 

In 18(57 Mr. Samuel Worssam patented an improv(;d 
method of packing timber on saw fnimes and tryiug-up 
UKiehiitcs, b^ vfliich the supporting table is provided at 
short intervals with several transverse rockiqg supports, 
which, when wedged up fn)in below, wilt lit against the 
under side of flie timber apd will take the weight of the 
timber at several points, whatever may be the uneven¬ 
ness of the under side!. 

Messrs.^liobinson iiiid Smith, of llochdale, have re¬ 
cently patented several improvements tfonnectetl with 
timber ami deal framdl, including an arran^iunent for 
rishi<^an«l falling the rollers, carryiiig^ the *i:r<^> whilst 
being sawn, thus rendering them adjustable to any iu- 
equiflities of surface in Wn^timber, and making bi'wikajjp 
le*ssji(jble when sawing cro*>ked and uneven logs. Alf 
(improved method of cutting scantlings is also intro¬ 
duced, by wtiich mcj^us this class of work canoe cut 
at H greajly incresised si)eed. The connecting rod* is 
arranged to take hohl of the saw frame at (he cenfre 
of each side, instead of the bottom, as hitherto, fiy 
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this plan iiicroijscd streftgtU of fraino, ease in work¬ 
ing, and Vss denth of, foundation arc the advantaees 
claimed 

In the nrent (187^!)'Ini>prnational^ llxtibition, held 
at Paris, several timber aiiji deal frames were shown, buf 
none*cp>'^ii>"i"g tJsj)ecialljr noVel fealnre. Messrs. 
Hollinder, of Stockholm, exhibited ‘a’,strong roller-feed 
timber frame. 'Ehe bottom feed-rollers werifi^^nstracted 
with sharp tobthlike projeefions; the top rollers were 
plain. The teeth of the saws were s|)acWl extremely 
coarse, adapted, we presume, for sawing sappy limber. 
In the Austrian section tin* Ateliers do Const met ion 
of Ihulapest showed a powerful timln'r frame fittisl with 
I'oller feed, which was adjustable l)y a simple nuik and 
'|iinion arrangementt The feed rollers were all gearml, 
and the swing frame was driven by ilduble connecting 
rods ])laced within the main framing. Several fraines 
were shown in the French section, notably by F. Arbcy, 
of Paris. In some of them Jlie swing frame was fitted 
on the face of the main framing, instead of in the 
centre, as is usual in this country, and motion was 
given by double wooden connecting rods ami fly wtu'cls 
pliiced on either side of tin; uprights. Inferior and 
tiiimsy castings marred in a giteat measuri^ however, 
their g'^miral aj)pk'ai'ancc. 

Various other improvcnnuits have recently been ia- 
trodw'od bv Messrs. Mcadow^-s, of lli'afon N'orris; S\irl- 
•land and Anderson, of Dundee ; tVorssa*n, .Tohna^m, ami 
Hewetson, Haigh, and others, but our iyia<'c jirpvents 
more than a passing notice. 

• Fig. 'w iflustr.ites a sell' cunt aiuod, roller-f(jpd, veftical 
(Aw frame driven from almvo by belts, by .Tohn M’Dowall 
'a*ad .Sons. This machine ha-s been especially designed for 
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sites whoro it is (flllicult to get foiinelutions suiHciently 
deep to ckrive from below. The crankshaft driving the 
swing frame is mountcelovul'liead on the tof of the side 
frames, a reciprocating mo^fioi^* being given to Ihe swing 
frame by means^ ejf two outside eonnecting rods conpled 
to it, near it% centra Tlie ifhte ^f feed cait he aejjeistcd 
to suit the i?iV,o and nature of'the Amber by inifans of a 
silent foei wheel of V sccjfcion, if desiredf an ajiparatus 
can 1 k! fitted to this m#( liine, by whii^h two deals or 
ilitehes of^iimber can Iks cut at thci same time. The 
. maohine shown is fitted with a roller feed, Imt fof hard 
and crooked tiinl)er rack-feed—whioli avoids slip—is 
ofb'ii ])referred. ■ 

Altbough log baml and re-saws have of bate Ixien 
largely introduci'd, and have for certain classes of worJ< 
somewhat siii)*r,sed(Ml vortie.al log .and d(!al frames, ttaisc 
latter are still largely used, and although they do not turn 
out so much work, they ri'quire le.ss skilful rtianagoment. 

Vertie.al log frames have of recent years been con- 
siileitrbly improved in their working details, and a 
niaehine built on the following lines can be recomiuended 
for general jmrposes where an ailei|nate, foundation can be 
obtain<;d-^a ecnlral dri\en roller-feed fr.ime with a lorn' 
stroki'. ^In thi'.-^e machines the driving pulleys—wliich 
sWudd Ih‘ of large diameter—are. placed in thg eejitre of thi; 
^machine between the Itcarings, and’tlrc swing frame is 
ojKM'.ated by outside coynecting rods jittaehed k) balanced 
tly-wlieels placfed on oacH side of the frame. Tlfb swing 
fraint’- should I comhinf', with ^Lclitnoss, and have 

all fl le reeijTroeating parts e.arcfully balanced. • 

* Tliere are a coNsiderahhi iimnf'cr of* modifieations 
of recipToeating saw frames .designed anS espeejidly 
adapteil for particular rdasst-s of work. These jna- 
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chines differ considcniblyi iii their feeding and other 
Retails, but vve shall be unable to give them mdre than a 
passing notice. For general Iffg-sawing, where the tiftiber 
is toleraBly straight, th6> ordinary' vertifdr saw-fraiue, 
fitteil with a roller feed-motion, is the* best type to be 
employed.* ‘fliis roller feeii is continuous, and allows 
the logs to follow each other through the ifaws without 
stoppage. Care uiust be tAken that the tiftijier has a 
good bearing on the feed rolWs, the st/’aightest side of 
the log being plaoed on them. Some makcfs, in addi¬ 
tion, so arrange that t-he rollers can be raised or lowered 
by the sawyers in charge, and adiipt themselves to any 
inequalities in the log. For very irregular and crooked 
timber, fniines are made .sjx?cially strong in their details, 
and what is known ivs the ‘ rack feed ’ is usually em- 


pltn'ed, a rack actuated by a pinion boifig the method 
of bringing the wikkI np ti) the saws. The rack is 
bolted to tfie under siile of the travelling carriage on 
which the timber is placed. ^This carriage is usually 
made of ea.st iron, truly planed, and running over 
turned rollers, which revolve in cast-iron brackets, 
fixed to the floor of the mill at either end of Jhe frame. 
The lo{j is suppi,>rted in front and behind the saws by 
adjustable friction rollers, arranged to rise amkfall and 
adapt thsinjelves t^> any irregularities of the»tiisbdr. 
By these means a firm bearing is obtained as the saws 
enter t^ie wood, and thus the vibration and thrusC of 
the saw franic is overcome.. Vhe ends jif the Iqjf are 
held by cast-iixm carriages, which fiave a lateral motion. 
They afe also fittei^ with adjustable wrought-iron jaws, 
which are .opened or closed at pleasure by jtieans'of 
screws. The log is kept* firmly on the travelling table, 
ukifally by weighted pressure-levers, which can be easily 
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djusted by the sawyer in cHarge. Saw frames for 
orest usefee made so as to be^semi-^rtable or porta-, 
lie, the latter being on wheels; ttey do not 

^ a rule, lffl\yever,’^differ .essentially from those just 
lesoribed, except that the tnain standards of the ma- 
ihine should^he boTWd to a ufassive bed-plat^, i^l^li dis- 
)cnscs in a gi'eaj fneasuVe with other foundations. In 
•egioiis vjlh?re the trees t'o be sawji arc sometimes 
■overed with ic«, and likely to slip, it is necessary 
o have grghtor feeding power, to carry tjicni safely 
liniugU the saws. This can be secured by employing 
bur seiTated feed-rollers, instead of two, as is usually 
lone. These rollers all gripping the wood at one time, 
immense extra feeding power is thus gained; the top 
pair of rollers are inadc.- to adjust themselves to thh 
yrarving thickifess of the timber. Frames can be ar¬ 
ranged to cut two, four, or more logs at^a time, if 
necessary. 

Fjr cutting valuable woods into thin boards for use 
as coach panels, pianoforle tops, &c., a single-bladed 
frame, driven either vertically or horizontally, is usually 
employed.. In these frames, which require little power, 
very thin saws are used, to prevent unni»cessary waste of 
wood. 'IHiey art' nsufllly fitted with a vafiable, self- 
acfing rack-feed, to suit hard or s*ft woo3s,*and the 
»aws are arranged to cut both ways of the^ traverse. 
The*advantage of tliesi? fyimes for this class of viork is, 
tljij.t they only saw^ one •board off ^t a time, an ojk- 
portunity isjgiven to examine the soundness of the log 
as cut, which, if not^ found suitable} can be put aside 
amt otherwise converted. In connection v«th single- 
hladt'd saw frames a patent was taken out a few yeirs 
since by Messrs, liobinson and Smith for an improved 
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svrireliing and b)itting slide, which enables the frame 
oarrjing tly) saw to be driven at a high rate of speed, 
as, no matter what an^rle tihe'' connecting rod is at, 
owing to the swivelling aiTangement, t]\ere is no undue 
strain on the saw frame pr bearings. The saw em- 
ployeil\js'arranged jto cut'both w^ya of'(the traverse. 
In the UnitesJ States, what is known as a Muley saw ’ 
is in use for inakbig single cuts. It consists*!/ a single 
reciprocating blade, tapi“red*ort' sonif what from, the 
points of the tecfth to the base of the saw. It is ol 
thicker gauge than ithose generally in use, and is 
strung without the aid of a swiu|; frame, and is run at 
a much higher speed than the ordinary machines, 
generally some four or six hundred strokes 2 )er minute. 
In many of the AmcRcan and French frames the swing 
or saw frame and other reciprocating parts ar«' made 
of wood, tc) secure lightness as far as 2 >ossible, and, 
contrary to English practice, the fly wheels are occa¬ 
sionally used as driving pulleys. In American, deal 
frames the wood is usually fed by four plain roll(;rs 
driven vertically, one pair acting as a ft-nce or guide, 
the other pair being allowed to exj>and, or. allow for 
any inequalitica- in the timber, by means of a spring, 
the variations in speed of feed being secufed by a 
grooved Wheel and.j)aul, a ratchet wheel, or cofie ifuliey 
and rack and toothed wheels. In addition to the rolled 
and rafk-feed motions for sajv frames .which we liavi' 
noticed for euttin" deals at a lapi.d rate, what is known 
as the chain feed is sometimes employed, This'con- 
sists of one or more endless spuare-linked chains, 
according <10 the number of deals to be sawn. To 
thA<e chains are fitted movable ‘dogs,’ which grip the 
enlis of the deals. The continuouf^ forward motion to 
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tho chains is obtained by wowrf and worm-whe(‘l gear- 
iug, actucfting drums tootlied to cori*esi>ond with the 
links'of the chains aiiA g?^i1n*g into same.* This, for’ 
small-sized ftames rmmiug,at / high speed, we'considor 
a very usefdl foi^n’of feed. Through lack of power or 
other cause8,«it is *s«metimes .necessary to flrVe timber 
frameh iiideixjudchtly of Che other iiluohinerv or stoftiiig. 
This is doiK (sitlier by attafching an engine directly to 
the crank shaft yf frain(;,»or li.^ing a steam cylinder at 
top o*r base^f same, the piston rod in connection with 
■side rods being coupled directly, to the swing ffame. 
By this method steainscan be brought from a distance, 
or a small addition.al boiler provided. The cylinder is 
constructed so as to regulate the amount of steam used 
in proportion to the work in hand. The general detaik 
of thi^e fra.mi% are usually of the ordinary type, afld 
the whole is fixed on an c^xtra large and heavy bed¬ 
plate. • 

VVhen, owing to water or other causes, it is impos¬ 
sible to dig far beneath the surface of the ground to 
secure tin* imcessary firm foundation, franu's are con- 
stnicted to drive by a belt from almve, the crank shaft, 
jmileys, &c., being placed at the toj) ^f the iiiachine, 
instead at the base*. In these eases, in •addition to 
a tintdemte foundation near the lev^jl of mill floor, it is 
'generally necessary that the frame should be firmly 
fixt^d or stayed overheail^to strong.cr08S-bea1ns^and, if 
jioss^le, the »end of the,crank shaft suyiported h/ta 
strojig sole-plate or *l)racket, built iiito the side wall. 
Where saw mills are of light eonstruction, thi^ frames 
111 % mad^* self-contained—that is, the etiyik shal't is 
fixed overhead on a slroiig eiltablature, bolted to»top 
of machine; this entablature is usually of box seetton: 
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the outer end of crank'shaft is siipi^orted by two cast- 
iron columns, br£eed together, and stayed by«additional 
diagonal sfays from the of columns to the top of 
main framing of the 'juachine. • Where? it can be 
avoided, we do not recommend frani(?s driven from‘ 
above, as, amongst (jthej‘‘drawbiujks, as a rule, the 
vibratidii is found'to be exeessivo. • A’^considerable 
number are ^nade counterbalanced wrUi ilj» wheels at 
either end of ^rank sliaft and tlie dnving pulleys in 
the centre, motiop being given to swing fp^me by two 
side • rods; in this arrangement, however, provision' 
should lie made to tix diagonal .stays, it found neces¬ 
sary. Fig. 6 illustrates a Frazer’s e(|uilibriura double 
deal and Hitch frame by A. Kansome and Co., Limited. 

, Tliese machines are designed to run at a high speed 
and are lilted witli two separate swing frames wlijcli are 
worked from one double-throw crankshaft So unanged 
tliat when ene is at the top the other is at the bottom 
.of tin; stroke, and they thus counU'ibalanee each otlier, 
enaliling tliem to lie run at a'considerably higher sptrd 
than an ordinary deid frame, at the s,imc time the 
nece.s.sity for a counterbalanced tty whwl is obviated. 

Kaeh swing frame is tilted with a separate fixnl 
motion, eni^|bling' two classes of work to lie cyt at the 
same lime af diffei-ent rates of sjieed if desired. 

'fhe deab are-fed by means of a pair of vertical feed, 
rollers, loth of which are driven and provide a powetful 
feed- *The crankshaft is (itifd with a'heavy driving 
pulley at each end»to e(piali.se the strain on the shaft. 

In st'ine deal frames of rm.-nt construction ilnadjustable 
friction-disc feed has lieen substituted for the ordimiry 
cam-whe<;l fe,ed, and forced lubrication for the crank-)>in 
beiy ings has U'cn introduced with very satisfactory rcvsulls. 
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CHAPTER VII 

TIMBER ANi) DEAR FRAMES, V,TP.—COml/HUed. 

Skverai, ivitt'uts have recently been tak(*t> out for im 
provenients in recipr ieatiiiff saws, aiium<'st ■which ma 
.be mentioned one by Mr. Ed':vin Ohabot, of SontI 
Norw'ood, dated 1877, who claims as novel, on behal 
of Ferrando Morel, of Barcelona, an arrangement fo 
sawing timber in such a manner that four thick plank 
may be simultaneonslc sawn up by fdiir sets of saw 
carrii'd in one reciprocating frame. Jt is described a 
follows: -‘I arrange the machine in sneh manner tha 
in pluee of the reciprocating frame carrying only on 
set of saws on cither side of the travelling carriage, 
arrange it In cany two sets of saws, and I provid 
separate <rnides for each plank of limber, to be held ii] 
to one plank on each side of the carriage, the one b(‘in| 
pressed towards tlie travelling carriage, and the othe 
away frbiik it, nj) to tln'ir resjicetive guides. '!’he guide 
can be set towards or away from their respective seta 
sawsdvithont ston>ing the ipuehiin-. The iiiaehihe, a 
‘heretofore, is pn^vided with-a maui driving-shaft, havin| 
upon it a crank for giving nn>tion to the reeiprocatini 
.saw-frame, and with rollers for supporting the planks 
aifd with*a slowly moving carriage, aidnated by a’'rac' 
and pinion, for traversing forward the planks of timbe 
up fo the saws. I’rovisioii is also made for Retting th 
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saws situated at one side of fhe travei^sing carriage to 
cut up a single plank of considerable widtly whilst at 
the same time the saws thc^opposite side aje set to 
cut up two j^lank^. ^ 1*110 Ba»vs,*a^ heretofore, are set to 
any desired distance.apart, ageording to the^ number of 
pieces into wjfich it is desiretl to <tiydo the phfulKff. By 
the above con«tru*;fion of marine, four different kinds 
of work <iati be performed simultaneously, instead ol 
two, as heretofore.’ * 

Mr. Sanwiel Worssaiu also in 1870 securol a pi^tent 
for impi'ovemeiits in equilibrium* saw-frames. These 
chiefly consisted in usiifg two separate rack-feeds placed 
side by side, intermediate of the two saw frames, and 
placing the feed wheels both on the same side of the 
machine, thereby enabling the feed of each dir.il or 
plank Do bo, regulated independently of the other, and 
enabling a single attendant to attend to ,botli feeil 
wheels from the side of the machine, thus doing away 
with tiic expense of a seeov<l sawyer. 

Improvements in the general arrangements of the 
l>arts, and the modi' of operating horizontal reciprocat¬ 
ing saws li«' cutting boards, have recently (1878) been 
patented by Mr. Adam Knox, of t.llasg(*v, by wlrtch he 
claims a ffi-eatly increased production with fess power. 
llis*d#8itflis, although slightly compk'x, hav« ctuisider- 
iflde jnerit in arrangement; we therefore describe them 
sumewhal at length. Tlv improveftients cla.im«l are 
as follows:— 

The gihiexal construction or arrangement am^com- 
l.inatiou of the parts of wood-sawng ivachiues or 
mecdianisw, of the horizontal reciprocating flass wtth 
blade or band saw or saws, n‘ciproc;ited on the peri- 
nherv of setrmental Ivvers or on pulleys. 
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The carrying and actuating of a horizontal recipro¬ 
cating blade or band saw or saws on the periphery of 
reciprocated segmental le^er^ or on pulleys, either 
having an edge-rocking or 'survilinear motion given to 
them or not, as desired, for the cutting of wood iii 
horiz^it^I sawing maohines. 

The canying of the reciprocating segmental levers 
or pulleys with»their saw or saws on fiied centres 
(either with or without antifriction pulleys) on vertical 
slides or guide frames, to give the dift'eren'l thicknessi's 
of wood to be cut in horizontal sawing machines. 

The giving of the edge-rocking action •to the seg¬ 
mental levers or pulleys carrying and actuating hori- 
zontiil reciprocating saws (in wood-sawing machines) by 
radial links, cams, ov angled centres. 

According to one modification and arrangement, in 
coupling the horizontal transverse reciprocating saw by 
its two ends direct, by buckles or other suitable coup¬ 
lings, to two broad, thin blades of steel or other equi¬ 
valent elastic or Ilexible bunds, so inounh'd on its to 
reciprf>cato over the upper })eriphery of two large 
strong but slight i)8cillating pulleys, or it might bo 
duplex segmental pulleys oscillating vertically on strong 
studs projecting from the face of two slideet mount(>d 
ind worked simultuneously by screw spindles '6u trtrong 
vertical planed guide frames, with long bracketed soli! 
behimi on each side of the ordinary longitudinal car- 
fiage carrying tl^ wood to bo cut, and tlaversed on the 
[nain stationary bed frame, which may rest in front on 
the strong d^ep trawerse frame, secprtsl to the foundation 
jelow, and carried or branched up so as to be seciired 
»'the vertical slide guides or standards on each side, to 
itay or make the whole securely steady and’rigid. 
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An equivalent broad elastic or tteagiblo band is se¬ 
curely strftched on and Iw^twqcu the undej or lower 
peripRerics of the pullc^ of segmental levers^ one or 
both bands belhg^fitte'd with lii^Idtining screws to adjust 
?tnd put the proper’tension on the saw bhtde and band 
below, to iiiak% thc’OTrains afl*oq«al and self-(?oi^ined 
within, the rooking Traine* the carrying cent/os and eyes 
of the rocVihg pulley and seg’mental lexers on which the 
strains come being made v<?ty long to sustain t he strains 
with perfect»6teadiness and little tear or wciw. 

* The two slide frames carrying *thc axle studs of the 
oscillating pulleys or levers arc bound tog((lhcr by a 
strong bow frame above, with room for the log or wood 
to be cut to travei-se under it, and brackets [iroject 
ilown from it with slotted adjustable gtiides for cm-* 
bracinj^and^steadying the saw on each side of the log 
or wo(kI Ix'ing cut. Thus the whole frame so Ixmnd 
together is canted and simultiineously raised or lowered 
by thc^vertical ticrews in vertical side guide-standards 
couiiled by a transv(‘rse shaft and bevel wheels at the 
ends, either carried in bearings on tlie IVame below, or 
it might bq,ou a cross b(!ain above, so as tO set the saw 
to the proper height at which it is desiijed to make the 
cut into khe wood, to*give the required thickness of 
boaM» down from the top surface, wldch is iJeuSlly lirst 
ikvssed (>lf or formed by out! luit of tint saw throtigli the 
log or wood from wliiclf t^ie lx»ards sire to be cut, and 
which js fixed on the traversing table below tlie level ot‘ 
•the Si».w drafts by the usual gripping side ‘dogs’ and 
Iigliteiiiug screws mojinted on t he table, which is tra¬ 
versed as .usual by phiiii-niiining, edgo-rinaned, avid 
Hanged wheels or side guide-rollers on tlie plan?d 
guides of the fixed bed iiiuiie. 
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The segmental pullt'ys and saw are oscillated or 
reciprocated by a long^connecting ro<l attached at one 
end to a lateral or crania pin *on one of the low6r seg¬ 
ments, and carried a<^’ 08 s t}ie machine Inflow the I'rame, 
with the other end connected to a' shifting and fixing 
ci-anl^pln ‘in an overhim'g disc ir craifk on the belt- 
pulley dri\^jng shaft, careied lon^ftuduially in bush 
bearings either, on the Idwer part of tlib,stationary 
guide slide-frame at the otht-r side of.the bed plate and 
machine, <ir on the raising and lowering tf ides tiiyeof, 
so as to rise and fiiil with the saw when desired, aiul 
titted with compensating belt ^^dleys for taking up the 
slack of the driving belt when that is used for actuating 
the lirst-motiou crank shaft. 

The table earryvig the log or wood is fed forward to 
*1110 saw much in the usual manner by a ^toothed rack 
on tht‘ centre of its under sid(', actuated by a toothed 
pillion oil till' inner end of the transverse reversible 
driving shatt, actuated ati a slow speed to travijrse the 
carriage forwards by a screw wheel on its outer end at 
the driving-gear side of the machine, turned by a screw 
on one end* of a longitudinal cone pulley; feed-shaft, 
shiftod ii|) oiit^of and into gear by the raising or lower¬ 
ing of tlf.- screw into gear with the screw*wheel, but 
this is<il.-;j> litteil,with a bevel wheel, and piiii«,ig and 
hand wheel or haiul erank-shafl for feeding the table 
bai'kyvard and fowward by Inpid. 

For riiiinine Ihc tabla back at a •high spv/‘d, for 
making a fresh cut (or it might be forward when rc> 
ijiiirtMlj.aii evira]jelt pulley feed-shatt may he employed, 
with tw(%|oose bevel [linioiis and clutches oij, their Miner 
Htces. and a. shifting a*mt reversing cliibdi box betwi'cn 
fuem, the Is'vel wheels gearing into a bevel wheel on 
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the extreme end ot tljc transvcn-sfe feed-motion shul't I)o- 
forc nientM)ned, tlie clutch box being fitted with iui 
engmffing and disengaginglever, so as* to either 
throw this higli-^>ecd feed,moAo,n out of gear or into 
the back or forward gear, as dijsired. 

The reci^aocatihg motion .giwin to tin? may 
cither be that,of a* itraigftt linS in tfie cut, yi- otherwise 
it may have*a curvilinear moTion, prcfephly enk'ring or 
cutting intf) the wood deeper and deepen from the side 
the saw is ^i.versing for the lime being, niiiking the 
ftiec of the cut of a convex curve, iind this motion huiy 
be given tc^ the saw njilhcr by radius bars or caaus 
iitlaclied to studs or centres on the deep eye of the 
segmental pulleys and to the slide plate, so set as to 
lengthen oii the in stroke of the .saw, and shorten on' 
the out siroke*thereof, and thus slide the pulleys b* 
their eyes to and I'ro on their iixles; or otherwise fixed 
or movable earns might be tilled <m I he fixed or movable 
axes o^' the segmental pullevs for the said purpose of 
giving this eurvilineal moti<in to the saw. 

When it is desired to give the saw a^ long reeipro- 
ealing strojje with a shox-t ci'ank or reeiproc»ating motion 
of the cotiiK'cting rod, the lower segments of the saw 
[iidleys (I* whi< h the ediineeting' I'od is eonplert), instead 
of BeWig«i>f (‘([Ual i-adius, may be less rjdi^is than 
tiie upper tp> whii-h the saw is coiiTieeted; and in addi¬ 
tion fo (or instead of) th^' Ihexible («• (pther banj con- 
uecti'i^to the Uwer seomenfs on opposite sides xpf the< 
(inaelynp-, a cpimieeting ro'l may be attai-hed tp> thess; by 
lateral studs in them on the o]>posi^e side tpi tfiat on 
whi^i the^aetualing eonnecting rod works. • • 

Although only one saw has Been deseribeil as fittBil 
on the upper segments or arms ol the reeiproeatiiTg 
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puller's, it will be,iiud'ei‘8tocHl that two, throe, or more 
may bo so. litted, each sU'ppeil and «onple& below the 
other on segments or pulleys \)f a less radius than the 
first, corresponding lo'the-different thi^Knesses of the 
boards to be ent. 

'K{je*pulleys or ssgmoftbil levth-s carfyiiig the saws, 
when mado in the form' of segmeilts or-sectors, might 
be made of solid edge wood, or built, or ot pulial arms 
and side stays or tie bars ‘’of light >malleable iroji, to 
give great strength with lightness. 

The eonneeting rod also might be imwle of wood dr 
light side wrought-iron bars for the like purpose, and 
the crank disc would have a eounterbalaucing segmental 
block, or a box formed on it for having lead fUle<l into 
it to balance the weight of the connecting rod. 

* In designing timber and deal frames, care should be 
taken that the main framing of the machine should l)e 
sufficiently strong to withstand the heavy strain neces¬ 
sarily put on it when running with a largo niunla-r of 
saws, esftocially when sawing hard or frozen wood. For 
’many years these main framings were constructed of 
wood, the uprights being fastened to the crys-s-beams of 
the Hiiw mill fitsclf. A considenible nninlx-r of these 
wooden-fTamed machines are ifow in use in ^he United 
States tin(J Canaiki, and ilo a large amount ofwverk. In 
small-sized frames for cutting deaks, Ac., the .standards 
and top*and foiimlation plate.'# are now often made in 
■one casting. This certainly secures great strength anfl 
compactness, but they are hardly so handy for repairs, 
and are more difficult to manipulate, in the first instiince, 
when on# the planing machine. In all reciprocating 
iftachines, the working parts should be ('onstrueted tc 
combine with in the gri'atest jiossibU 
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decree. In the working or svfin" franv) which carries 
the saws, tliis is of the gi-^at.(isfc importauijp. Tt is 
fonud lhat steel of holloi^ settiori is the most s^ntable 
material to effipl^j as it k capable of withstanding 
with ease the iininen^ strain Jhat is put on the swing 
frame "when w^lhkitm a laiYC ifiimber^f saws in*li(»fd or 
wet wootl. Tliis sirain is very great, aniou/ting to at 
least five or ^ix tons per saw. Tlic toital compressive 
strain that the swing frami has to bear‘should there¬ 
fore be calculiated by the maximum number ef saws it 
is*proposed to work, allowing a considerable margin for 
contingencies, as it is found when a large number of 
saws are used, and the strain is thus multiplied many 
times over, that unless the steel is of ample section, the 
cross mils will 8j>ring considerably. • ^ 

As r«ganj,s the crank shaft—which should be made 
of good wrought iron, and free from seams-^the best 
form to use for geneiul purposes is the double or bell 
crank, ^vith a bearing phnjed well up to the crank on 
either side, and a third bearing on the outer side of the 
driving pulleys, lly this ari-angement frames are fouml 
to be mueh^teadier in work. Cranks bent hv hydraulic 
pressure have latel_\ conu> considerably •into use* and 
when raantifactored in tliis manner they posseSs several 
feiitifri'« w4iich render them con.sideraWy stronger than 
tilt- ordinary ‘ block ’ crank. The gradual presstire of 
the hvilraulic prejis as it* fibrins the tlwow ot the igaink 
forces tjie ends the shaft •nwarils, and the fibre of 
4he irpn i» not strained or broken, and it runs com- 
j.Ietely round*the thr;)w, thus reiidej-ing it equal in 
strength t<^,the <ither parts ol the shatt. In^he ordi¬ 
nary block crank the fibre of the iron runs across tht 
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'thnmoftbe arank is cut out, and a fr^tnreisveiy 
generalljf found to takj tj^ace in ibis web. The con¬ 
necting rod should Ijp utranged to take hold of tli6 
saw frames by mearts of rt)ds on pilhUsr jiide at abo^t 
-the centi;p of same, ns otrength^ %nd ease in working 
.are gained, and jess 4epth,of foui)dati«u is requisite. 
As regards the feeding,arrangements; they must of 
course be adapted to circumstances, '^op pressure- 
rollers for deal or flitch cutting sho&ld work independ¬ 
ently of*one another, so that two piecdk of uneqqal 
depth can be sawn kt the same time. The bearings in 
which the swing frame works should bh adjustable, 
and by preference made of phosphor bronze. A very 
good plan is to have an opening in either side of the 
, uprights, and the liearings fixed neajiy flush with the 
outside of the frame ; they are thus easily {^t at for 
Rqiairs, lubrication, &c. When frames are run at high 
speeds, the connecting-rod bearings should be of phos¬ 
phor bronze, and especial -care should be takon as to 
their lnbri<-!ition, as the friction is very considerable. 
The cross heads should be forged in the solid, of best 
fagoted scrap-iron. We purpose noticing tlie buckling, 
shurjwning, afid setting the says elsewhere. 

The dipible horizontal saw frame UliistrateiTby fig-. 7 h 
a very well-knowit type, l)nilt l>y .Messrs. 'fhoniM Uobinsou 
and Limited. It is greatly favoured for cuttiit; logs 
of coGtly timljer iftto l)oards«and pamds—its special use 
Isiing for ‘the truest sawiitg. where qi/ality of tvork is 
of tnpre imjrortanee than a large output. 

The doylile tjqie saw frame intt only iKMwesses a^Jl the 
advanta^.'s of thtr single-bladeil frame for* the above 
passes of work, but Ls capi»lile, of course, of turning out 
considerably more work with let|s wear and tear, and 
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with only ^ small increase in 'the amount of power 
required for driving, owing t# Reworking parte counter¬ 
balancing oach^other. 

, the saw. f Amos in thfl machine illustrate each 
work hi separate sli^tp, curried on a cross-rail, which is 
raised by power two .vertical *t»rned pillars. The 
weight of the‘savw frames is ..supported on tall-bearing 
thrust blocks, which greatly,facilitato its’easy adjustment. 

The front^ 8av^f is only a' few inches in advance of 
the rear on^, so that the saws are working together 
almost immediately at ^thc commeflcement of each cut. 
The distance between tho top saw and the under side 
of the cross-rail is 7i in., and tho greatest depth that 
may be cut between the two saws is 6 in. By removing 
tho back saw blq^le a depth of 13| ill. can lie cut by the. 
front 8a%. • 

Tho working frames are built of steel, together with 
the cross heads and adjustable slide blocks. They are 
drivenrfrom a two-throw crank shaft, having the cranks 
set at opposite centres. In the larger sizes, the crank 
shaft bearings are mounted in slides, so that the crank 
shaft can b» raised or lowered for cutting large or small 
logs. ■ ^ _ 

Tho vortical pillar nearest the crank sjiaft is of 
smalt (flaifieter, so that the oonueoting'rods w(5rking the 
t^o sjws can pass on eitluT side of it; thus the^istance 
between the two eaws is*k#pt as shoft as possible, and 
the savm are easfty accessible Tor puttingtin or taking out 
tif the»fratrtb. . • 

,TJ|ie rate of feed ^ variable, and ctin Jie started, 
stopped, and reversetl at a high rate of speed % inea^ 
of the controlling levers, and at any period of the cutting 
the rate of feed may lg> altered. 
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CHAPi’ER vni. 

PI,ANING AND MOULDING MACHH^ES. 

• 

After the timber Ifas been converted by means of cir¬ 
cular or straight saws from the forest tree into deals 
or boards, the internal economy of a saw mill is, or 
should be, so aminged that they naturally pass on to 
the planing, moulding, and other mq/ihines, for rapid 
conversion into articles of daily commevce. ‘Planing 
and moulding machines must, after saws, be con¬ 
sidered the most important of wood-working machines; 
and as their action and manipulation are very similar, 
and are oftentimes combined in one machine, we pur¬ 
pose taking them together. Before proceeding to 
machines driven by steam, it may be of s«me interest 
to notic^ bridHy a few of the ^different kinds of plane 
irons yotked by hand, as it will enable ns to judge 
better of* the prihciples involved and the work required 
to be *lone by a planing machine. A plane ipay lie 
briefly described *as a tool •used by ttiose who work in 
wood to produae 8traight,*flat, and cve*i surface* in that 
material. Its construction and action* ait, hdwevef, 
too well kaown to need description here. Therq^iwe a 
jtnsiderable number of planes, which are known by 
different names, according to their size and the pur¬ 
poses to which they are applied* Those chiefly in use 
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are the jack plane, trying plafnft, shooting plane, long 
plane, and smoothing planOj, TJiese are usiif^ly called 
bench planes. There are als(» rebating planes fof form¬ 
ing rebates, thb ^V^lght blo^k for .straightening edges, 
sash planes, grooving planes^ &c.; also many other 
tools, usually .dhlled* moulding ylafies or irons.* These 
are capable of .protidcing at a slow rate a great variety 
of oriiamenlial mouldings; beads, liollows, rounds, 
ogees, and ovoi08»are tho^e most generaflly worked by 
hand, v/her<^'small quantities and very siusple orna¬ 
mentation is necessary; but at the best hand mould¬ 
ing is a very tedious anfl costly process, especially when 
we consider that a moulding that would take a com¬ 
petent workman some hours to produce can be completed 
on a good machine in less than 

Planes ai;e necessary for the manipulation of almost 
all kinds of work in wood, and those intending using 
them, either for business or pleasure, should first of all 
understand their construction, and how they can be 
best applied; we cannot, however, here give them more 
than a brief comment. The jack plane is used for 
taking^ off. the rough and prominent parts from the 
surface of the wood in coarse shavings;#the plaitb iron 
is fixed iTi the stock so as to make an a^gle of 45 
degred^ irtth the face of the plane. • All ot^ei^ planes 
afo more or less similar to the jack plane, ditfenng orJy 
in .dimensions ai;d smallersictails. The trying plane is 
longer, than tlte jack, plane; it is fitted with two 
%andle.s, a*id .the iron is set ‘ finer,’ thus cutting a 
thinner shaving. Thq mouth of the jdaiic is also much 
narrower. • The shooting plane is the longest^nd meat 
correct plane used, and is employed after all the others, 
chiefly in shooting tl^ edges of boards that have to be 
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joined together. The work of these and all other 
planes, ojffing to their slow production and necessary 
costliness, it has been fotlud necessary to supersede os 
mnch as possible, end the result is t that numerous 
machines driven by steam power, and adapted for all 
classes Of work, have almbst entirely tal^an the place of 
hand labour; therefore, where considerable quantities of 
one particular article or pattern are required, and even 
when.very snihll quantities are used,'it is found much 
cheaper to purchase from a manufacturer ihan to work 
them by hand. This can be easily understood, when 
we consider that the cutting action of a carpenter’s 
plane can be estimated to travel, say, at some 75 feet 
per minute, whilst the cutting edge of the irons of a 
planing machine tiavels some 4,000 feet in the same 
time. The principles involved in the two operations, 
however, diflfer essentially. In the case of the car¬ 
penter’s plane, pushed forward by hand, a recipro¬ 
cating motion is obtained, whilst machine cutters, as 
a rule, have a revolving or rotary motion ; so»ne, how¬ 
ever, are constructed, for special purposes, with fixed 
flutters, the action of which resemblesthe hand 
plane' reversed^ the wood moving instead of the plane 
iron. 

The' first relu.ble record we have of an attempt to 
supersede hand planing by machinery is contain.ed in 
the patent of Hatton, dated 1776; hut this seems to 
have been only, a scries of cn-jide mechanical* ideas, 
which were never acted on or carried iiitu ai^ practical* 
efiect. In Jact, the idea or iiivpiition can hardly Im 
dignified fey the term ‘ machinery.’ As Rees says in his 
ifncyclopscdia, we take it that machinery, or mechanical 
means to dispense with or modify the use of hand 
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labour," must fulfil *at least orte* of the following coii- ■ 
ditions: vil. ‘that it increases^the effect of a given 
finite •power, so as to overco'rae a resistance that is 
greater, and wpyld otherwise Veptiain unchanged; to 
dccomnibdatfi the direction of the moving force to that 
of the resistance tcf iJe overcome > and to regulate and 
modify a va,ripble force, %o a^ to produce a constant 
and uuiforuf effect ’—these are the pri\jcipal ends to be 
accomplished by .machincfy. If this was more fully 
borne in m^(^d by patentees of the present day, some 
thousands of the so-called iiiventiqps would never Have 
been perpetrated. • 

Sir Samuel Bcntharn, in 1791, patented a planing 
machine, but, notwithstanding the ingenuity of the 
inventor, it did not come into gei\pral use; it was, in* 
the first place, Intended to be worked by haml power.* 
The principal object claimed by the patent was the 
adjusting of the plane or cutting iron, so that it could 
not byt perform the operation intended, without le- 
(Juiring any skill of the workman, thereby remhuing a 
common labourer as serviceable as the best joiner for 
this purpose. With this view, the plane iron was 
made the full width of the board, and pn each side of 
it were fked fillets, which projected below *he face of 
the T;)l*na just as much as it was intended * tt» reduce; 
tlie board in thickness, serving also to guide the iron 
sideways and to^gauge the thickness* , 

Tli,e plane was kept down by its own or additional 
•weights, i^iheii necessary, which latter were so contrived 
as to be capatlc of having their positjou shitted during 
theYime tjje plane was making the stroke, tlij: pressure 
at first acting forwards, and lastly on the hinder paft, 
to prevent the fore end (lipping down the instant ^t 
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leaves the board. By alio'ther,contrivance, the plane was 
lifted wp on its return, so as to clear the cutting edge 
from the wood. This wasi.efFeeted by a piece of" wood, 
which acted as a hanjlle to,the plane,,a,utl to which tho 
power was applied, tt was plapd, witfi this view* 
upon awaile extendnig.iwross the'width,of the plane, 
and carrying on each side a ^hort lever, ^irovided with 
rollers at their extremities. The handle jft-ojected up¬ 
wards from th“ plane, whicdi, Ix-'ing forced forward by 
it, assumed an inclined position, as also Bid the short 
levCTS, so that their pollers thou rose above tlie eheelfs 
of the idane ; but when the lattt-r was drawn back into 
an erect position, the levers nioving with it, their 
rollers projected beneath the cheeks of tho plane, and 
•raised it off the benph, the plane being suj>port(;d by 

^;henl on its return. ’ • 

* 

In cases where the boards to be planed were winding 
and irregular, ‘dogs’ furnished with teeth grij) 2 )cd the 
board on either edge and held it tirmly lietween ^thein. 
These ‘ dogs ’ were arranged to rise and fall, to suit 
dift’erent thicknesses of boards. Where very thin 
boards, which were liable hr spring, had to |;>e leaned, 
rollers, loaded by levers and weights were used, ns they 
are even i»t the present day. Arrangements •.vere also 
made f«r Jidaninn feather-edged boards. The otbove 
machine h.id a reeijirocating motion, which was secured 
by a cnftik and wjieel, turncMl .by manual labour; the 
plane iron moved over the ivood, and the mot ion. gene¬ 
rally was intend.* 1 to be an imitation of the carpeuter’s » 
plane,* as workcljiy band. It wa.s not, however, a 
suijcess. Jt*niight have been jiut in motion l]y Wat.^ror 
oUier power, but we believe it was never worke.l use- 
ftfily; as an early attempt, however, to overcome the 
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labour of hand planing by ineclftinical means we think 
it deserving of notice. 

Tn'the patent taken out t)y Sir Samuel Hen^ham in 
1793 , in additicwi, to numer|>'is other ideas, he claims 
Rie invention and application of an improved rotary 
planing and phiuldfng machine. • ^ * • 

The chii f invepfions relating to planing and inoulu- 
ing machiniTs claimed by Sir Samuel Jienthain in his 
patent of 1793, before rcTerrod to, are*as follows:—■ 
A cutter ‘ bhfck ’ or roller, in which planing or mould¬ 
ing irons can be fixed, with arrangements to ri.se and 
fall same to suit varyit/^ thicknesses of wood. Ho also 
says to gain time cutters may be applied to different 
sides of a piece at once, and such of them as make 
parallel cuts may be mounted oa the same spindle.* 
In the«fiftl^ section of the specification relating to 
rotary tools for wood-cutting he claims ‘ The idea of 
adapting the rotative motion of a tool with more or 
less aiJvanfagc, to give to^ all sorts of substances any 
shape that may be required, is my own, and, as I believe, 
entirely new.’ 

Ii^refiironce to mouldings he says, ‘If the circum¬ 
ference of a circular cutter be formed isi the slfape of 
any mouWling, ami projected above the IxmcR no more 
than <s •necessary, the piece, being* shovei\ (Tver the 
dtitter, will thus lo cut to a. moulding corresponding to 
tip cutter that ip the r!*vej'se of it, j^ist as a ptan*; iron 
cuts the reverse.’ In addition to nuiperous other in- 
•ventions and^ improvements ndatiug to all kimls of 
ojierations for working wood, Bentlmm in^this patent 
describes the proce.s.s of jireparing dovetail joints \wth 
conical cutters, a plan which is still in use. The more 
you peruse this extraordinary specitication, the more 
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yronderful it appeiira th\i£ the iiventive genius of the 
man conlij grasp and ,seii forth so tersely* so many 
original Ideas at the sanSi time—enough, in fact, to 
make twenty patents of the present, dtfy. Certainly 
Bentham may be said to have originated a very large 
share of” the principles 'connected with Vrood-working 
machinery now in operation. 

The next great improvement in planing machines 
was made by Mr. J. Bramah,*'of London, who took out 
a patent in 1802 for machinery, for the purimse of pro- 
ducihg straight, smooth, parallel surfaces and curvi¬ 
linear surfaces, on wood and 'Other materials, in a" 
manner much more expeditious than can be performed 
by the use of axes, saws, planes, and other cutting 
'instruments used by-hand. This specification is very 
voluminous. The chief points that seem t\) have been 
claimed are that the wood to be planed is made to move 
in contact with the plane iron, instead of the plane 
iron being carried over the work by hand, in th^,u8ual 
way; that the cutting tool be made to travel across 
the work in a square or oblique direction, except where 
the use of a fixed iron is necessary. He claimed‘also 
the application of roughing out and finishing irons fixed 
in movabJfe frames, with screw adjustineutd' to suit 
thickness (k timbei. These irons were arranged *8o as 
to work at variable sja-eds, according to the material 
being riperated on.' 

Acting on ipid improving .these Ideas, Bramah 
erected for the Government at the Rqyab Arsenal, 
Woolwicli, a heavy redary planing nnichine, w^ich 
contained *■ several very novel features, chief amongst 
wfiich was the arrangement of a hydraulic or hydro¬ 
static press, to work the movable, carriages on which 
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the wood ^intended, to be iilaiied was supported. Its* 
operation iriay be describe^.^Jollows:—Tijp inarhitie. 
was fixed on a solid bed ot* bridle or stone wdrjf, rising 
about one foot «,bove the.floor line. Iron slides the 
whole length of thej machinp (some 40 feet] were fixed 
on these foumlatipus ; these* ^iddh yere made*to incline 
some ■ half-inch from the horizontal line towards the 
one end ot tlie machine; at this end, beneath the 
machine, was fixed the cylinder of an hydraulic or 
hydrostatic?‘press, having two entrance pipes, one at 
each extremity. The piston rod of this press was 
furnished with a raefi, which worked a pinion under 
and attached to a wheel. Round this and three smaller 
wheels passed an endless chain, which was regulated 
and kept to it^ work by means of*an iidjusting screw*. 
A chiJmbej containing the condensed or compressed 
water was fixed near, and the water was ^onveyed by 
pipes to valves or cocks, which were so arranged that 
the welter entered one etyl fif the cylinder, and urged 
the piston forward, and the rack working on the pinion 
under the wheel gave motion to the chain, and the 
traveling carriages which supported tht wood to be 
planed attached to it. The water wiw then topped, 
and permitted to enter the cylinder at the opposite end,' 
thus Toifiing the piston and carriage back todtS original 
*p 08 ^ion, the waste water in the meantime beiijg allowed 
to escape; this.gave a'r«jiprocatiu(» motion, sindlar to 
that of the pJkton of ,a 8t(«am engine. The travelling 
carriages^ bejng attached to the chain one at a tinie, were 
tilths hauled backwards and forwards uudgr the rotary 
planing disc. This planing disc was fixed atf the end o^ 
a strong vertical spindle, which in its circumference was 
pierced with thirty h^les, in which were fixed twenty-eight 
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<gonges or cutters And tAro plane irons. The disc was 
Icept in a ^lorizontal position by diagonal braces, and 
was made to rotate at the rate of about 90 revolutions 
per minute, by means of bevel gearings whicb was set 
in motion by a steam engine. Tluys the general action 
of the machine is pretty ciear, as while the carriages 
holding the wood passed from one end of the two slides to 
the other by the action of the hydraulic press, as ex¬ 
plained above,' the planing disc was put in rotation, 
and so adjusted that the gouges and plane irons caught 
the surface of the wood as it passed under it. These 
gouges were arranged at different distances from the 
centre of the disc, and took the rough surface from the 
wood, and were followed by the two planing or finishing 
irons, which rendered the surface plane and smooth. 
I*he planing disc was sustained and adjusted to suit 
different thicknesses of wood, by means of liydranlic 
pressure immediately under the control of the work¬ 
man. 

The action of the above macliine would doubtless, 
in the present day, be considered very cumbersome, 
but as an early attempt to supersede hand Iwhotw.' by 
mechanical means, and considering the resources at 
the commabd of tlie engineer, it must be conceded 
that the'inventive* genius of its designer was of the 
highest order. 

In »180.‘l a Mr.‘ Hevans obtained a patent for a 
machine for cuttyig nr ‘sticking’ mouldings, making 
rebates^ grooves, and planing flat Hurfa<',es of small 
width. This, like Hentliain's first patent, was an imi¬ 
tation of the action of iiand labour in jilar.ing. A 
number of moulding irons were fixed, either singly or 
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side by side, accorlling to tlfonvork to be performed. 
In a frame or box these irops yere arranged so as to 
formlihe mouldings reqnirtJfl.* ^Tlie wood was fixed on 
a bench, and iije box of jrons ;uade to pass* over it 
•lengthways *by a ct^nectin^ rod, communicating with 
machinery q^^able* of giving a reeiprocafftig motion. 
The crank \»hic5 ‘gave *the feeiprocating motion was 
arranged td vary the length* of its stroke according to 
the work required to be doTie. This was done by making 
the arm ofrlhe crank to pass through a mortise in a 
strong box fixed on an axis, and allowing it t() sliile in 
the said box. Set scrSws were used to fix the length of 
the stroke as wished. 

The irons were loaded to keep them in contact with 
their work by a long beam of wood, set up on end upon 
the sides o£ the box, and connected therewith by being 
divided into two cheeks, which at the lower sides were 
formed to an arc of a circle, and united to'tlui box by 
chains, in the same manner as (he beams of beam 
engines are eonneeted with their piston rods. The 
upper pai-t of the beam was made to pass always 
thr«ii^h^>ne point by sliding between Oietion wlieels, 
or otherwi ie in a tube hung on two pilots pcrjiundicu- 
larly ovft- the cmitre 8f the work, and at shell height 
as*n»ight lie most convenient for Ahe length of the 
stroke recpiired. 

'the connecting rod J'rom the •crank beforp men¬ 
tioned was jointed to^thc upright bt‘am, near its lower 
end, and^by^this means the motion was given to the 
box of irons, the chains and arclics at the bottom 
allowing jt in all jiositions to preserve the plane hori¬ 
zontal. To guide the box of plani' irons in a rebti- 
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iinoar motion, and also'to bear them oflF when they had 
been reduced to the d^ll) required, fences*were used, 
which were irons' sliding '•perpendicularly in tuW or 
sockets in the box or, fraraq, and clipying a tongue or 
guide fixed in the direction of th^ . required stroke in 
tl>e fninfe shpporting’tbe bench. 
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PliANlIf&.AlID MbOLDINO MACIIINKS—(JOIlhimerf. 

FoLnowiNG Bramah’s patent, scwerai improvements 
v/ere introduced by Burnett, Paxton, Poyer, and others ; 
bnt it was not till the year 1827 that planing machines 
were brought into extended practical use in this 
country. In tjjis year Mr. Malcolm Muir, of Glasgow,* 
invented and patented a machine of most iinproveJI 
construction. Its mechanism contained many of the 
must'essential points as in use in planing macliines of 
the pfesent day ; in fact, ^tucceeding makers, although 
introducing modifications of their own, seem to have 
entirely accepted it os their model. As its invention is 
•nTTyWfttt^interest to engineers, and niai1<s an era in 
wood-working machinery, we give a» illustration of 
Muir's first machine, with a description of ft as given 
by fl?l)At.. 

‘.This machine, invented by Mr. Muir, of Jlllasgow, 
has for its objeat the ilroparation of complete flporing 
boards, with Atraordjnarj'* despatch,^and in the most 
perfect rftaiuier; the several operations of sawing, 
placing, grooving, and tongueing being a^l carried on 
at the same instant, by a series of saws, jAanes, and 
revolving chisels. 

‘ Fig. 8 reprosenis a plan of the machine, slighEly 
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inodified, to render tite constrnctiou more easily un» 
derstood ^by the loaderj. Tlie machinery is adapted 
for the simple planing of 'boards, as well ns the pre¬ 
paration of square-jmnted, or plain-jmnttd flooring. 
"We shall commence oiir description by an account 
of thosfi parts wl^iCh constitute a simple planing 
machine, and then proceed to describe the apparatus 
by which it is {.daptect to the preparation of jointed 
flooring. Th5 planing niaciiiue consists of a perfectly 
flat and straight bench ddd, which should be at least 
twice as long as asy board intended to be prepared 
upon it. This bench is made fast to a block of stone 
c c or other solid matter, which, together with a suitable 
framing, serves to keep the machinery as lirm and 
steady as po.ssible. '.^long one side of this bench is a 
raised guide ci", which e.xtends ji.s fur as the circular 
saws i, i; but only a part t>f it is shown in the figure, 
in order to bring some other arrangements more into 
view. About the middle of the bench a metalliu plate 
a a is let in flush wnth its surface, which forms a 
durable stock for the plane irons ; thesis plane irons are 
of the usual form, but of greater breadth* '.htt.. I’m, 
boards to be jiianed. The projection of their cutting 
edge is effected and regulated by screws, ami 'the num¬ 
ber of plane irons'einployed at a time is deterlnihed by 
tliedegreeof finish required for the surfaceof the boards'; 
three ^dane irons aVe, however, generally used, as shown 
at h, h, hy the dar|( spaces bcKig tl^e moutlis of the planes; 
from this it will be seen that it is the lower side of the' 
board that ^is phuicd, and the shavings are dtdivered 
under tlw^inachine. An endless pitched chain, having 
ca\ch h<Kiks at convenient distantvs, takes Indd of the 
boards as they are put into thi“ mjkchine in suca^ssion, 
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and drags them along the bendh; the edge oC one ot 
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guide or fence (ilS shown in the figure) jvrevents fitf 
board from bending^ upwards by the action of the chain. 
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while it is pressed dow^n to the plane irons by springs 
or w'eighjed levers, as„8ef at b, b, which are mounted 
upon ipitil’riction rollep, the axles of which are so in¬ 
clined as to cause Oie bofirds fo ba uniformly driven 
against the fence and to piiss in straight, line through 
the niai?lnne. M(),titm is •given by a^ band from a large 
revolving drum, placed ajiove the uiachine (not shown 
in the figure), •.vhich communicates with* the drum «, 
upon the shSift of which is a pinion that drives the 
toothed vrheel ]•, the axis of tlie lattef carries the 
pitched rigger /, Kuind which the endless chain is 
passed, and stretched in a parallel direction with the 
l)ench, by passing over the pulley jr, at the opposite end 
of the maciiine; at tliis place only a small piece of the 
chain is bronglit into view, as the introduction of the 
whole of it woulil hide or tend to confnsii some of the 
other parts of the apparatus. The pulley z is mounted 
upon a tightening frame y which moves upon a joint 
at the lower end, the tensiop being increased or bssened 
tiV the wedges I. 1, or by regulating s<’rews. The 
parts we have thus described constitute a separate 
machine foV the ])laning only of boards* <4’.. t’.. 
preparation of- plain or sipiarc-Jointed tlooriiig boards, 
the following additional apparatus is brdnght into 
operation. V'"* '' ■'-bf.'hUy hol¬ 

lowed from the direct liin- of the bcn<-h, to admit*of 
projecting ine(|ntilities in ,jht‘ edge.-j of the boards; 
these are remojecl by irons or,cutter.>/ fixed on a hori¬ 
zontal! revidving platethe perijihery oj' which enti'rt 
an apertuy in the fem-e . ; and it is on the edge j)f the 
lioard jAesented to this siile of tlie machine that a 
tongue or leather is formed when rcipiircd. To [iro- 
duce this eifect two circular saijs, ;/ and A, are nseit, 
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one of wind), g, revolves niidertthe board, and cuts it 
upward; tfie other, h, revolves,above the board, and 
cuts itrdownwards, to such %, depth only ou*eaj 3 h side 
as to leave a t(A(igue or feather of the required thick- 
floss uncut. ’By the progressive motion of the board it 
next passes ujiWer the operation o# two circulaf saws i, 
one only of which’chn be 'seen,* as tL other is directly 
underneath t)I. the same spindle, and separated only by 
a ring or washer, .which is^f the same thickness as the 
tongue. Thfsc saws, acting horizontally, ov at right 
angles to those at g and h, cut ofi" the superfluoiis wood, 
and leave the tongue projecting from the board com¬ 
pletely formed. The opposite edge of the board is cut 
parallel to the other by a circular saw k I’evolving 
vertically, which is called the “hreadthirtg" saw; a* 
guide iked to tfie head of o, which .supports the spindle* 
of this siiw (but which ciiniiot be seen in the figure), is 
so j)]iieed iis to conduct the superfluous pieces,*separated 
from tyc boards by the saw k, underneath the circular 
siiw /; the slips iire thus ronoved out of the way of 
the latter saw and iireserved. Tlie saw I revolves hori- 
>>> clilled the “ grooving ssiw ; ” it is con- 
sidi'i-ably thicker than ordinary circular saws, artd has 
lo)ig tcetS to admit of*their receiving a “ self” to cut 
out fill# vidiolc of the required groove wt one operation. 
'Wie spindle head which carries the grooving saw is 
adjjisted and fixed by swejvs to a bmcket attacljpd to 
the head o, th« latter being phiced hi slides, which 
Jceep it sttiady, and conduct it in ii pariillel direction 
when moved to oi- from the bench. 4^1 parts**that 
oper!h.o on this edge of thi' board being thus connected, 
iidvauce or recede (ogether. This movement is effected 
by means of a screw fitted with collars to the flxefi 
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puppet 3, and workin^iii a nut in the back part of the 
head o; Jhe screw is ti^rn^d by the handle n, and an 
index 9 n the heat! o p 9 intll out the relative jawition of 
the circular saw it with respect to th« ether side of the 
machine, and consequently iudicatfs the various breadths 
of the ffni'shed boivrcts by pointing to a divided scale of 
inches and parts fixed upqn the blo^ ct All the saws 
are fixed on to* the spindles in the ordii'ary way, by 
screws, nuts,*and washers;* but the'spindles arc con* 
giderab!}"* thicker than usual, to ailinit of their bein;* 
fitted with cutters«or irons, which, by cuttins,' hori¬ 
zontally, rebate the superfluous thickness of the board 
to a sufficient extent from that part which is destined 
to form the under side of tlic Hoor in all iloorintf boards. 
The heads, which egn-y the vertical saws j/, A, arc placed 
*011 slides fixed to the block err, their horizontal posi¬ 
tion beine adjusted by rconlatiiiff screws, worked by 
the handles j> and r, and their spindles elevated or 
depressed by proiier adjusting screws. Motion js coin- 
municated by endless bands from a laroc driini wheel 
above the machine, such bands embracing all the vertical 
saw pnlleys,‘and also the rigger or pulley 
terme'diate shaft vw; and this intermediate .shaft, by 
means of half cros.seil or twisted bands t', t, gives 
motion* to the liorizontal saws t anil /. The, rtrcnlar 
plate or plane/ is also iinjudlcd by another lialf-twistdd 
banilrf>,'from a jiitlley f!, on th(« axis of the saw g. 'Hie 
power which iiq}iel8 the whole piachini* is derived from 
a st^iii engine or otlicr prime mover apjdied to the 
shaft of thp largy drum wheel before mentioned.’ 

• A nulhljer of these machines were imule and erected 
by Mr. Muir in Glasgow and other towns, and were 
in operation for many years. ^Mr. John McUowall, 
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of Johustone, near Glasgow, niMe a number of ma¬ 
chines on Muir’s model, g,ftcrwards introduced 
several* modifications and irfipr^vements of hi* own, 
for which he olStakied a patept in ihe year 1836. The 
ctiief of these* improvements cpnsisted in the introduc¬ 
tion—in the 4 ?lace^of the e*(iles?-(;Jiain feed,* which, 
when planing thin, stuff, &ac^ a tendency to tear the 
wood —of two pairs of rollers at the front and back of 
the machine, to feed the boards through* the cutters, 
by means of* frictional pressure. The rollbrs were 
turned and made to act like the rollers of a calendering 
machine; the upper ones were held down by weighted 
levers, which gave them an increased grip on the wood 
which passed between them. The rollers wore found 
to answer their j)urpo8e well, and tJic tliiunest boards 
were carried, through the machine without difficulty. 
Another improvement was the introduction jaf a new 
metliod of cutting tongues and grooves on the edges 
of the lioards. Muir cmpl(^ed four saws for this pur¬ 
pose, one cutting up, another cutting down, and two 
cutting in, so that two strips are cut off- the sides, 
tongue or feather in the ccntrtf; this plan 
did not act well when working on thia wood. * Mr. 
McDowairsubstituted a set of rotary cutters*fixed on 
verticaf Spindles; these cutters were*made tlie exact 
sfte of the tongue or groove required, and bein^j placed 
onpither side of the madiipo in brackets working«on a 
slide, could be Bdjustef^by means of aporew and hand 
Ifheel to suit -^jirying widths of boards; this plaii^is in 
use (jt the present time. Mr. McDewall plso, a few 
years' later, introduced several other modificfttions in 
these machines, including a silent feed motion witl^ 
differential action, ai^d an ari-aiigement of combined 
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roughing and finishing cutters for thiokue^sing. The 
feeding viotion was » decided novelty. As the deal 
entered the inaohine tg be* cut it pass^ beneath a set 
of feed cams, whicli nipped.tlie wood ifcifl carried it con¬ 
tinuously forward. Tliis feed arrangement consisted 
of horizontal travefsinj:* plates of /netal, tongued at 
opposite ends, to slide frej'ly in corresponding grooves 
in the top plate* of the standards, and upon these plates 
a pair of vertical parallel standarbi were attached; 
the,so stahdards were connected at their nfiper ends by 
a light cross-bar. Each standard was slotted down its 
centre, to receive and guide the traversing nut-bearings 
of the cross cam-spindle. A screw was passed down 
from above and through the nut-bearings, so as to allow 
^the cam s((indles be set up or dgwn. Each cam 
spindle had an eccentric cam loo.sely hung on It by an 
eye, the jam eye being li-veil against an adjustable 
collar. Thus arranged, this nipper feed formed a com¬ 
plete traversing fi'anie cai)able of free horizontal move¬ 
ment. 

The primary movement was given to these nipping 
feeders—of which there wi>re six altogetln.^J’tttrr-®- .i'u> 
each end of the maidiint—by a toothed pinion on the 
first motion shaft. Tliis pinion ge.ared info a ,large 
toothed wheel sJt on a cross shaft, and carrying a 
second pinion in gear with a second spur wheel, fast on 
the actuating canl-shaft. (>i Ibis shaft three separate 
cams or differential ecccntt'ic jiieces were keyed. Over 
the perijhery of each cam was set an rfuti-friction* 
pulley, caiji-ied on the horizontal arm of a bell-crank 
leVer, thS three liell cranks being carried loosely on a 
jtud shaft. The long vi-rtical arms of these hell cranks 
were connected by eyes at tliciv lower ends to theii 
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respective rods, wliicli were severally linked by e.nd and 
intermediate eyes to the bottom of each of the nipping 
frames’. The three e,ams w%r?! so set at stafting that 
they each actctj ^i.t different pci-iods of the revolution 
df their shaft in such a manner that an uniform feed 
motion was {<lven ffo the b^'iw’d 4 )assing thrcsigh the 
maciiine. Tlii^ mStfiod of feedtng tlTe timber, although 
ingenious, had several objections, amj has long been 
disused, but il. eestainly dt%erves a passing notice. 

About tlie year 1847 several improvements in the 
method of operating planing and.moulding machines 
were introduced in America by John Cumberland and 
others. A great number of the machines hitherto con¬ 
structed in America were built with eutter.s working on 
a vertical a.\is, as first patented J)y Bramah in this, 
(iouutrji in 180^. Numei’ous altt.'rations and modificar^ 
tions were, ^lowevei’, introduced, which rendered this 
class of machines much less complicated add cumber¬ 
some;, among these may bo noticed an improved re¬ 
versing gear fitted to the travelling table whi<di passed 
beneath the I'olating cutters. This consisted of two 
twice the diameter iff (he other, 
gearing into a worm wheel. The opposite ends.of the 
shafts upon which theite wheels were keyed, nested on a 
scrotv^su centred that when one is j-aised t)Jie»other is 
lowered; small pinions upon them are then brought 
into gear alternately with the rack .fixed on tt-avelling 
ta*hlo as )'ecpj 4 'ed—the larger wheel giving the slow 
(forward iiiotion, and (fie smaller the ^uiek return mo¬ 
tion, to the fravelling table carryinir the wood*to be 
platlbd. 
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CHAFER X. 

PLANING ANt. MOULDING .MACHINES— eontimed. 

PREVioiis.to oiir Exliilntioii of 1851 consklerable pro¬ 
gress wiis nimle in Jhe United States in planing and 
nioulding machinery. Its rapid development was,'how¬ 
ever, much retarded by the tyrannical operation of the 
holders of .several patents, chief amongst which was 
>diat known as the ‘ \Voislworth planer.’ This patentee, 
tt seems, claimed in America the introdnjtioiuof the 
combination revolving cutter-blocks and roller-feed 
motion for'planing wood. The validity of tins patent 
was contestetl for many years. One part of the pritent, 
vi/. the roller-feed arrangement, was known in this, 
country many years liefore. (tx>e patents gninted to 
Charles llaininond, [snulon, 1811, and P“—-“J 4‘rr Hi 
provements in ^machinery for planing wixal, 1839.) 
Notwithstanding these diflieultibs, Messrs. Cl Rogers 
and Co.,fot' Norwich, Sellers and C<l, of Fhili».l«<p*hia, 
Fay anil Co., of (!incimiati, Whitney, WixmIs, amf 
other Aitieriean lumses, added • materially to the ad¬ 
vancement of this branch cjf nianufactuie, as exempli¬ 
fied in our K.v'hihitions. 

Aillerican planing machines arc chiefly consfrncJhKl 
aftey two.n'odcls, known as the Wocslworth and'the 
Daniels planing machines, though of course modified or 
coliihiinsl according to re((niretneut8 or nature of work. 



PLANING AND HfGUkDING MACHINES. 89 


The Woodworth machine wasi patented some forty 
years since* and its functi<^i\p answer almost entirely 
with ohr own roller-feed mii;hines combined wjth re¬ 
volving cuttei*hl<^ks. Thi> Daniels planing machine 
answers in fts action to the one invented in this 
country by BA.maK, which we htsvg before described, 
it having a UoiizontM arm’ fiy:e(l with a cutter at either 
end, and is Aade to revolve over the timber as it passes 
beneath fixed on a table w8ieh is driven by a rsick and 
pinion or other suitable gearing. The travailing bed 
of the Daniels machine is sometimes combined with 
the revolving cutter-block and feed rollers of the Wood- 
worth ; it then answers to our trying-up machine with 
an additional roller feed. This combination has the 
double Advantage of being both a surface dresser and 
being able t<j plane timber out of ‘ wind.’ 

The Daniels or traverse planing machine^ is chiefly 
used in the heaviest class of railway or waggon work, 
or whesre timber is twisted or warped, and whei’e it is 
necessary to take it out of ‘ winding.’ In point of fact, 
machines constructed with a travelling table are the 
ovh’vtri’C.nlaning machines. The arm or disc in which 
the cutters are plixeed revolves in a hosizontal plane, 
and the obtters attack the wood at right anj^es to the 
grain*. ‘With this class of machine no<liflicu% ts expe- 
ribneed in working any kind, size, or condition of ma¬ 
terial. When very thin <Btj}iF has to be planed, weights 
or ’pressure rollers are used. The main framings of 
ihese machines axe usually constructed in America of 
-wood; the table, however, travels on ^ planwl cast-iron 
bed.' The cutter arm has vertical adjustment to suit 
varying thicknesses of wood, and the cutters are in 
operation during either traverse of the table. 
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The Woodworth pViuiiig miu^hiue, with its various 
modifications, possossep ipaiiy features of interest, and 
some pf the machines donstructed by the feadiu}' 
American houses arci extreuiely eompiettf in their every 
detail. A short description of ,one, with additionu'l 
improvt>\nents patented ihy J. A. t’ay aifd Co., of Cin- 
ciunali, in 1862 and iSdji, liiay n*ot bti out of place. 
The machine uik:ler notice is of recent construction, and 
one of the In&viest of its clfiss. 

The ftutter blocks are made of wrought iron, and 
di'ranged to carry «two, three, or more planing irons, 
and are fitted with steel lips, which form a back, to the 
ordinary iron, similar to the hand plane. The journals 
to carry the cutter blocks are of steel, jiroportioned in 
'diameter to the weV'ht of the cutter bleck and power 
'of the machine. The Wirings are ma^e iu length 
about five times their diaini'ter, and lined with anti- 
friction metal! they are lilted with self-oiling bo.\es. 
Machines which are also iirrangi'd for moulding are 
fitted with an adjustable swinging pressun' bar. T'he 
horizontal cutter-bkxks Inive vertical screw adjust¬ 
ments. Till' vertical or side cutter-block siiiublliauuii;,, 
madcNrith three wings and of gun metal, and are fitted 
with a jfatent cliji for matchnig. and coiisttinf lubri¬ 
cation feiispecia Wy secured to Ijoth vertical oirtl'foot- 
step Ujarings. Thu vertical cutter-block spinillcs ate 
fitti’d to a frana* arranged, Mth vertical adjnslment, 
and can be hovered beneath the bed td’ the machine 
when it is required to use it as a surface planer onlyi 
The I’ccd rollers, pf which there are four or six, accord¬ 
ing to til.' size of the machine, 'are of large diameter, 
and are all driven in p.iirs by expansion tisithed gear¬ 
ing, which ‘gives’ to uneven limher iilaiut thris'-fourths 
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of an inch in 24 inches, and ibliey are adjustable to 
different thicknesses. Tlu;y. arg also arranged with a 
dead-weighting attachment,* ac^ed on by lever^ placed 
beneath the hmihlne, and .litted. in pivoted bearings, 
thus securing an eqi^,! pressure when working irregular 
tinihev. The'upp,er cutter bjoek is ^tted with«a spring 
pressure rollev before the ci^t/and a yielding pressure 
bar after, wh'ch effectual^ resists excessive vibration 
of the wood wlieif under the action of the'cutters. This 
)ressui-e bi«- is easily adjusted and is fitted with a 
mnge. The bottom cutter block* is so arranged that 
;he discharging roller carries the timber right through. 
These rollers can be swung out of the way when the 
bottom cutter block requires any alteration. 

For gauging the depth when s3uttiug beads a pa.* 
tent aWachwient is fitted into the pressure bar over the* 
under cutter block, which gauges from the foce of the 
board being worked. A roller guide for keeping the 
timber up to the fence is also fitted, together wdth 
changes of feed for hard or soft wood, which is start'd 
or stopped by a double pull.^y-feed belt-t ightener. All 
1. .M-ing.-; iive fitted with largi> oil chambers, and the 
gearing v ith guards. Fast and loose pulleys of Varying 
dianietofs are fitted to the oountershatt. *lt will be 
gath^-etl from this short descriptior# that tin* modern 
'American Woodworth planer, in the completeness and 
e»,sy adaptability of its'mi^ny detailsf is a wooif-working 
machine of th8 most advanced type. 

In cotineptiou with planing machines, in addition 
tojhe ordinary method of feeding.by geared rollers, 
the'endless revolving apron or flexible chain bed feud is 
used considerably in America. This was invented by 
James Fan-ar some five-and-twenty years ago. 11 con- 
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sists of a series of oast-iron slats or bars flexibly 
connected together, and,made to revolve over rollers 
at eitlier end of the luachme by suitable gearing. It 
passes under the top cutter-block, Und the bearing 
surfaces over which it slides are usually made of chilled 
iron ground smooth. •• The' usual pressure rollers keep 
the timber firmly on the lipyon. For surfacing purposes 
it has some advantages, and is a rapid and powerful 
feed, but requires considerable care in its manufacture 
and manipulation, as the heavy friction to Svhich it is 
subject, unless careAilly guarded against, would ne¬ 
cessarily cause its early deterioration. 

Amongst the other American planing machines may 
be mentioned those of G. B. Etigers and Co., and B. D. 
Whitney, both of wkose machines possess some inte- 
testing featui'cs. In one of Whitney’s machines, espt*- 
cially iulapted for re-finishing or scraping hard woods, 
the finishing cutters are fixed at right angles to the 
wood in movable drawers, and the wtH)d is forc('d over 
them by powerful fet'd rollers. (S<?e illustmtion, fig. 10). 

Following onr Exhibition of IH.*)! Mr. .Samuel 
Wor-ssam, of London, constructed a planing iffaelflW 
with roller feed which embodied sevenil novelties. In 
the place of a larger number of small rollers he iiwjd 
two pairs only, of extra large size—some 2 feet diameter, 
we believe—and turned smooth on the surface; these 
rollers were driven by heavy sput- gearing. The timber 
was operated on ijll four sides, the under cutters were 
placed between the first and second pair of fee’d rollers; 
these cuttei-8 consi-sted of one i«iir of revolving cutters 
for ! rouglung out,’ and two fixed cutters, set at an 
angle of 45 degrees; and, projecting slightly above the 
beU of the machine, these cutters gave a finishing. 
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smooth surface to the wood. "^I'l^iese flx«d cutters were 
fitted into cast-iron drawers,,vflych could be pulled out 
and replaced as required. ^he wood was heli down on 
them by me&n^ of weighted levers, and the whole 
arrangement was v^y compact. Mr. Worssam also 
brf light out,'a fe^ years qffcerwards, a machine, on 
Bramah’s principfe* for surfjj,cfiig and squaring up tim¬ 
ber ; it was* however, smaller and less complicated. In 
place of the ordinary gouges or cutters, Wilson’s patent 
cutters were used (patented 1857). These .consist of 
cylinders of cast steel, turned cylindrically and bored 
conically; the lower edge of gouge is chamfered on the 
outer side to form a cutting edge on the inner circum¬ 
ference. The gouges are fixed at an angle to the 
revolving circular disc, and the qhips escape through 
the centre ^f tlie gouges, which are widened at theif 
upper end. When they become blunt or broken, they 
can readily be turned in their socket, thus presenting a 
fresh cutting edge. 

In the year 1858 a Mr.’William Hunter, of Glasgow, 
introduced a method of planing wood on the principle 
Gie .TctioTi of a circular saw ; the planing tool con¬ 
sisted of a fine-toothed circular saw, having a ‘ dished ’ 
centre—that is, a sliglft concavity in the centre, similar 
to a'ltiry shallow plate or saucer. This saw jviSs caused 
to revolve at a very high speed, and the wood was 
passed between it and a f^nce. The^ibject in ♦ djphing’ 
the saw was do allow only a narrow circumferential 
portion n«ar the tcetl* to bear on the wood in cutting; 
the saw ran without ‘ set.’ The inventor also ctaimed 
a mbdifleation whereby a single saw may b« made to 
plane two contiguous sides of a piece of wood; the saw 
in this case was constructed with a double ‘ dish,’ or*a 
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thick edge, with a centre sunk in or thinned off for 
clearance. We have injver seen a saw of this construc¬ 
tion in use for planing, so cannot speak as to its opera¬ 
tion. Discs, with cutters projecting^ slightly beyond 
the surface of the disc, neitr the pepphery, .tre now usea 
for rough planing with, yiore or less success, and we 
shall take an opportunity c)f noticing this method else¬ 
where. Some iiuprovements in the feeding and general 
arrangement of details of roller-feed planing nnudiines 
were patented by Nelson Biirlow in 1855. 

Xbont the yea*- I85(j .Mr. Henry Wilson, then 
manager for Messrs. Powis, James, and (’o., Lotidon, 
brought out a simple planing and mould i.ig machine. 
For the feeding arrangement, in the place of all smooth 
^oller.s, he made the, ujtper ones llnti'd, to increase the 
*uite on the wood. The pressure on the wo;>il was 
effected by means of a single weighted lever, with beams 
to distribute the pressure eijually on the rollers. 

Messrs. Ivobin.son and Son.s, uf Rochdale, alsfvabout 
this time brought out a new moulding and planing 
machine, the chief novelty of which was that the spur 
wheels whiclr drove the feed motion were actua.Wd btji. 
worm tnotion with four speeds. Due of these machines, 
in whi<-h; however, were innWodied other im(irove- 
ineiits, Waji exhil)tt<'d in our International Kuhildtion 
in Hb:.’, Messrs. Forrest and Harr, of (ilasgow, alsd 
exhibLteil a planing and monidhig machine. The feed 
con-sisted of a series of stnoolh friction rollers, gi'ared 
together by long-tootlieil wheels. The uppur frictioi^j 
rollerli were adjusted by means rff screws, and the pres- 
suri' was applied to them by mean.s of spiral spring’s. 

Fig. (1 represents .i lie.ivy type combined planing 
aiid moulding iii ic.lnnc from the dcsigna of A. llaubomc 
aud Co., Limited. 
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The main fraiifb of the * machine is of strong 
section, and*east in one piece to’ ensure freedom from 
vibration. The feed motion c#iiSist 8 of four feed rollers, 
all of which aro»dri|'nn to avoid slif). Four different rates 
of feed—varyiiig from 12 ft. \o 50 ft. per minute—are 
provided. Thd^feed •roller gcafijig js placed at tiie back 
of the niach'ue,^thuS femlerint^’tho cuftons ea«y of access. 
All the feed j^earlias macliiiie-cut teeth. , The top rollers 
are raised or lowered simuh.anoously by means of worm 
gearing, and j.ro fitted witli wrought-iron plateg on the 
fence side, the plates having their edges rounded and the 
fluting extended over the rounded eilges, so as to grip 
the wood, when sawn on the bevel for mouldings. 

The machine is fitted with top, bottom, and two side 
cutter blocks. The top cutter block is fitted with a 
canting arrangeiflent, and the l)ottom block is mounted in 
an adjusl.abloMrawer, and its thickness of cut is regulated 
by means of an adjustable lip which can bo’loekcd in 
any desired position. 

'L'lie pressure ap|)aiatu 3 (^insists of a scritis of binged 
rollers actuated by lovers and adjustaldc weights, and are 
arrangcil to act on the wood close up to the putter blocks 
to prevent its vibration when under the action gf tho 
cutters. 

Thg ijame makers have recently introduced ip special 
!*jgb-sj.t ied flooring and m.dcbboard planing maeliiiic, 
which is arranged witli variable specd^gear to gWe feinls 
freftn iiO ft. to 2 -y) ft. per mfliute, according to the qSality 
g)f the wood. In this nraebine all the Aitter blocks aro 
fitted with sixHbiu cutters of self-banlening steel, •nd a 
specM jointing iipparatus is also pft)vide(> for thorn. 
The cutter-block spindles arc arrangt'd to run ball-journal 
l)earin 2 s. fitted with dust-vroof housings. 
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CnAL-TBR X’ 

PLANING AND MOULDING MACHINES—MUlWnwerf. 

In the year 1864 Mr. Henry Wilson, of laindoii, pa- 
tehted some very v,aluable improvements in connection 
with moulding and planing machines, the most im¬ 
portant of which was a variable feed arrangement, 
which consisted of a disc wheel, from which, by toothed 
gear, the grooved rollers for advancing the wood to 
the cutters are driven; motion was imparted to Miis disc 
wheel by means of a clothed friction pulley, fitted on 
a shaft with a feather, along which the pulley was free 
to move, so as to act on the disc wheel at any desired 
distance from the centre. By regulating the position of 
the friction pulley, 8<j will the feed be altered ; the nearer 
the pulley is brought to the centre of the disc, the 
greater will be the sia-ed of the f.'ed. Included in 
this .specidcation was an improved metlu'd of .nonnting 
the veylifal or side-cutter spindles; these W"n litted 
in movable frames, with curved slots, which are 
capable of being set by means of sitcws or otherwise, 
so as to allow one or both of the spirdles to work at 
any recpiircd angle. This plan is found of great value> 
wher elaborate under-cut mouldings, bami railings, dx., 
have to W turneif out. 

In the International K.vhibition held- in I’aris in 
l'j67 an advanced type of planing machine was exhi- 
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bited by Wliilney in the Anieri(,u|i seetioii; a macbine 
also for I'livtlier fiai8bin>r the boards by means of 

scrapiiifj was also sbown. 'I'lits \\j^as done by forii|ing a 
burr on a fixed pbinV-iron wliii^a projected slightly above 
the level of thS^table *»f the ityicliine, and over Avliich 
the wood was I'orcet^by meansgftijed rollers.* 'I’his 
iiiaeliine, improved by Itieliar^.'-, we illustrate (fig. 101. 
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Ill 1808 Mr.’Saimnd \Vdi«.sam, ju»., obtained a 
patmit for inipr*)venients in planing maeliines, kn^wii 
as ‘ ti'xing-up ’ and ‘ sf]naring up ’ inaHiines* whereby, 
ill addition to their ordinary work, they were rendered 
capable, when desired, of simultaneously working on* 
three sides of the tiu*ber midor operation. This was 

H 
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secured by mountingj in a snitable frame a pair of ver¬ 
tical spindles with cutters, with a pair of feed rullers. 
These spindles and feeU rollers had a rotary motion 
given them, and were so armiiged a/, to be easily moved 
out of the way when the edges of tbs' timber, being 
worhed, were not vscpxVreA to he operated on. 

Messrs. Western 'ayd Co., London, have hvtterVy 
made several ..improvements relating to planing ma/- 
ehiiiery, foi one of which they took out a patent in 
1873. This invention related to a]>iiara<us for planing 
wood true on thi> hiee, and at tlie same time tonguing 
and grooving its edges, more particularly applicable in 
the preparation of parquet Hooring. The table of the 
machine consists of an endless chain of plate links, 
caused to travel between two guides, ami provided with 
edged ‘dogs’ for holding the pieces of wood, which 
are passed between revolving cdgo-cutters for grooving 
and tonguing, and under a planing disc, mounted on a 
vertical spindle, not over, but at tlie siile of tlie wood. 
The wood, after Injing operated on. is released from the 
front ‘dog’ by the bend of the chain over the chain 
wheel, and from the back ‘dog’ by the withdrawal of 
the latter when it reaches a fixed stop. In the same 
year M.. Bernard Clark, of'ilirmingham,'lOok out a 
patent for some improvements in sqnarirtg-lip and 
surfacing machines. These improvements consist chi^By 
of a Series of snail rotating discs or holders, which 
carry cutters for removing superfltious wood, and 
brushes or toothed cutters for producing a'smooth sur¬ 
face on the wiHid operated upon, and are combined 
v^ith a '-ircular frame to which rotary motion is given. 
By the rotation of the frame and the discs or holders 
the tools ar*' made to ileseribe a series of nearly circular 
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curves, whic^ inotiou, combined with the rectilinear 
motion of the wood under thj:;^ critters or tools, is cal¬ 
culated lo produce a truth and sjnoothness of surface 
unattainable b^ \he ordinary surfacing machines. 
Modifications d^n be attached to a frame having either 
a rectilinear traver^*motion or lU vibratory or oscillat¬ 
ing motion about a centre, 'lihe tools and wood to be 
operated upon may work ^in liorizontal, vertical, or 
inclined planes. 

In the rSceut International Exhibition at Paris 
several macliine.s for planing and .noulding were ex¬ 
hibited, some of which contained features of interest. 
A patent combined hand and power feed surface plan¬ 
ing luacliine, exhibited by J. A. Fay and Co., of Cin¬ 
cinnati, U.S.A., a valuable tool and well worthy of 
notice. ■ 

Fig. 11 repre.sents a combined hand and roller-feed 
snil'ace planing and thicknessing machine by J. Sagar 
and Co., Limited. 

It practically combines two machines in one and is 
especially adapted for establishments wliere the business 
or space is limited. It can be adapted to adaige range 
of work without change of cutters, viz:—Making'glue 
joints, suTf.acing straij^it or taper work, levelling, 
ithanifefiiig, cornering, rebating, si^uaring up, tljiekness- 
iii^ panels, and boards, &c., and by the addition of 
singable cutters it can lie used for sticking beafls.^sash 
stnlV, and nfouldhigs, ton^uing, grooving, &c. 

• The mai*i frame is a cored casting tnade in one piece 
to al,jsorb the vibration of working. The cutter-Hlock 
s)iindfe is forged from high carbon steel and Tevolves jn 
heavy jihosphor bion/e self-oiling bearings. The cutter 
block is' arianged to give a sln'.iring cut, with straighf 
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cutters and has solid lips wliich act as back-irous and 
prevent tearing ot'th^ siyf^ace. The cutterblock spindle 
is ground after being turned. 

The gearing for driving the feed rfcllel-s is machine cut 
from the solid and is arranged on/)ne sid^of the machine 
so as t« be out of the wa,y of the opelr.^tor. The top tables 
are adjustable on diagoiii' slides add are fitted with steel 
lips. The bottom table has anti-friction 'rollers, placed 
immediately under the gear-driven feed rollere. 

Messrs. S. Woi’ssam and Co., of London, exhibited a 
trying-up machine, in which the pressure rollers for 
holding the wood down on the travelling table, which 
are usually placed before and behind the cutter-block 
slide, are here both brought in front, thus securing a 
greater and more pniform pressure at the point where 
the cutter strikes the wood, which is an hnprovement. 
The cutter-block spindle ran in centres, but this plan 
can harifly be commended for the heavier class of ma¬ 
chines. The travelling table is fitted with double rack 
gear, thus securing always an adequate bearing for the 
teeth of the driving pinion. A compact little thin- 
stuff surfaee-planing machine was shown by Messrs. 
Robfnson and Son, of Rochdale; it was adapted to 
plane wCod ^ inch thick at OO'feet run per itiinute, but 
the rate of feed could be varied according*lo the 
nature of the wood. The wood is fed by means of Six 
plaip ibllers driwen by toothed gearing, which force it 
over a fixed iron fitted into a movable drawer. 

The roller-feed planing machine exhibited by 
MeSsrs. Gibson and Son, of Jonsered, in Swedcyi, al¬ 
though eiot possessing any great novelty in its general 
design and construclion, attracted some attention. It 
'appeared to f;e built more or less after American models. 
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The feed con|isted of geared fluted rollers, adjusted by 
spiral springs and a distrib'tjfiuj^ lever. The wood is 
first attacked by a revolving under-cutter, and.then 
passes over a ?xed ttnife fitted,in a drawer and between 
two vertical si^e-cuttecs, and finally beneath the top 
cutter. This arrangement of .the Gutters is soinewhat 
of an improvement, as a gocid- bed is furnished for the 
bottom of the wood, and the edges are well^ dressed uj) 
before the final finish is put on the surface by the top 
cutter. The Gutter blocks are made movable, *and (jn 
additional cutter block is fitted for matching. The 
cutters arc made in sections and fitted in mortise slots. 
The framing and general construction of the machine 
is very light as compared with English models. 

In the Norsp section Messrs. 'Jensen and Dahl 
showed a'plaiiing machine with spindle pulleys of extra 
large diameter, but with what object we are at a loss 
to see, as the friction to belts, &c., would thus be 
much increased. In the Fjench section P. Arbey, of 
Paris, exhibited a trying-up machine, fitted with Mares- 
chal and Godeau’s patent spiral or twisted cutters. The 
advantage claimed for this form of knife is, that the ^itch 
of the knives is so arranged that the end of one comes 
opposite to the beginning of the otlmr, thus giving a 
coutinubuS cut during the whole revolution of th'e cutter 
block. As part only of the whole length of thejknives 
strikes the wood at the* same time, the vibratioti is 
considerably lessened; a/id as they alwaj's present the 
sSmo cutting uiigio to the wood, cross-grained .isjnd 
knoti.y^stufif can be worked. The kniws used are very 
light, being from one to two millimetres in thickness*; 
they are, however, somewhat more difficult to manage 
than the straight kuiv(|s; but an arraugeiuent is fitted 
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to this machine where, by means of a reyolving emery 
wheel, they can be Ishurpened in their places on the 
blocl^. The machine was fitted with a chain feed—a 
method which seems to be some'/that in favour for 
many kinds of machines in Piwce —Mfi the wood was 
securetl on the tr,a1ellkig table by^l/mgitudinal ‘ dogs.’ 

A panel planing malliinc, with plain roller feed, to 
work 80 centimetres wide, was shown by Messrs. 
Gerard, of 'Paris. Instead of using two long planing 
irons, extending the whole width, eight short ones were 
arranged in succeSssion, two on each side of the cutter 
block; this plan, although causing a little more trouble 
in adjusting, simplifies very much the operation of 
sharpening, as considerable difficulty is often expe¬ 
rienced in keeping irons of very grea^ width in satisfac¬ 
tory condition. Amongst recent improvements in 
planing maoliinery may be mentioned also those 
patented in 1878 by Mr. Richard Shill, of London. 
These improvements are niore especially adapted for 
those machines arranged for planing blind laths and 
similar light work on all four sides at once, and the 
novelty consists in so arranging a series of fixed or 
hanS plane cutters that the cutting action of the 
machin^ is not dependent on a high rate of s^eed, as 
is the" case witti revolving or rotary cutterS, thus en¬ 
abling the machine to be driven either by hand power 
or steam, as desired. The,cdtter for planing the under 
surface of the^ wood is fixed |n an alfljustkble drawer, 
fitted in the table of the machine in the ufnal mannef; 
the top putter .used for planing the upper sunface of 
the wof)d, instead of revolving, as in most machines, is 
also stationary, and is fixed in a block or frame arranged 
in such a manner that it is capable of adinstiner itself 
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whilst in op§i‘ation to the varying thicknesses of wood 
being planed. One of the used for planing the 

edges of the wood is fixed in the^guide or fence,^whilst 
the other is made' automatically adjustable to varying 
widths of wo(j,d by laeans of,a spring. The wood is 
fed by means of pressure rollers ir? the usual manner, 
and the weij'ht of the frame or block carrying the top 
cutter is also utilised in keeping the wood in contact 
with the bottom cutter whilst planing the under sur¬ 
face. If th8 machine is actuated by hand p»wer, the 
inventor proposes to give the necessary rotary motion 
to the feed rollers by means of a handle or a fly wheel 
and belt. For the lightest class of work, especially 
where steam is not available, this machine should 
possess several features of utility.* An illustration of 
it will be found (tig. 12). 

Having thus briefly sketched the history of the in- 
trention and introduction of planing and moulding 
machinery in this countr;^, wc shall now proceed to 
discuss the chief features of this class of machines as 
at present in use. Although a larger number of ma¬ 
chines ai’e made, and specially arranged or modified to 
suit varying circumstances or descriptions of woi*k, the 
principles involved in tTie cutting operation df planing 
and moulding machines are but three, and may be 
classed as follows :—First, and most important, those 
machines having their chitj^rs fixed ia rcvolviu’g flocks 
or spindles ; second,, those machines having their 
cutters fixbd yi a rotating cross-head or disc (known 
as Bfamah’s principle); third, those, machines Imving 
fixed irons only, and where the wood is feveed ftV(‘r 
tlieir cutting edge. 

The principle of fixing cutters to revolving blocks 
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or spindles is the one in most general u^e, and is, on 
the whole, the luost^ iKlyantageous for all ordinary 
classes of work, and vyill turn out a much larger quan¬ 
tity than any other systeiii. In desnginiig, in the first 
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place I'iwc .’‘k'Milti fit' tiik' ti i > securt* .■'iilhcicnl strclifjtli 
and’stability ill the m.iiii framing of (he machine to 
ovoreome tlje strain and vibration caused by the high 
rate of speeds it i> necessary to, luu at.’ For .all the 
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smaller-sized machines rft least, the framing should be 
on the ‘ box ^ principle, and p^eri; in the largest sizes 
the framing ehonld be in as few pieces as possible. 
To obtain corhpsSjtness, however, the working parts 
should never ^e crowded together, as it often neces¬ 
sitates running intermediate driving belts afc short 
centres, and other ei^ils. 

One of t!ht most important elements nec(^ssary to 
secure the snccesstni working of these, as well as* other 
wood-working machines, is to obtain a reliable arrange¬ 
ment for feeding the timber through the machine, as, no 
matter how well designed or accurately made a machine 
may bo, unless the timber passes through the machine 
steadily and without slip, and at a speed that is best 
suited to the class of wood bein^ operated on, the 
(juality and quantity of the work turned out are un¬ 
satisfactory. Chain and other methods of feeding were 
at one time in use, but the two arrangements now 
almost universally used are the roller and rack feeds. 
The Latter, however, is confined to those classes of 
planing machines known as ‘ trying-up ’ and ‘squaring- 
up’ machines. Whether the rollers employed are plain 
on the suvtace or fluted, the grip on the wood anfl tlie 
iced is int^roved by dri\^ng the whole of theuT. Some 
makers dj-ive only the U[)per series of rollers, leaving 
tBb lower to be made to revolve by the pressure of the 
wood being planed. In ^all large-sized planing or 
moulding machines the table of the niiighine should be 
a fixture, and the upper cutter-block arranged to rise 
and fg,ll to suit varying thicknesses of yood. 

W?! have seen a plan of placing all the cuttw blocks 
on one side of the machine overhanging their bearings, 
and arranging the table to rise and fall. This may 
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answer very well for small machines, wlieipe the strain 
is not great, but for l(<rge jjiachines, owing to the heavy 
and iipeqnal strain on^ the spindle bearings nearest the 
cutter blocks, it cannot be recomme/nddd, as when the 
bearings wear, the vibration and.the coiy,eqnent jar on 
the wo*i being pljjiftjd are excessive, leaving its results 
in a series of undulatiolis. The cutter-block spindles 
should be of sttJel, and not unduly heavy. "A good plan 
to pursue is‘to forge the spindles and blocks revolving 
horizontally in one piece, and make the blocks on the 
side-cutter spindle# movable. The cost of a rough steel 
for use in spindles is very little in excess of that of 
iron, and has the advantages of presenting a better sur¬ 
face to the bearings, and the spindles can be made of 
less weight. 

In some machines of recent construotiqn a duplicate 
set of to|) cutter-blocks and cutters have been intro¬ 
duced, with the object of allowing the first set of top 
cutters, under which the wood passes, to do the rough 
heavy work, and pass on to a second set of cutters, 
which arc made to revolve at a much higher speed for 
the purpose'of producing a fine surface or finish on the 
board. 

The putter-block spindle "bearings shollld be of 
phosphor bronze*, and made extra stout and ‘lofig, and 
the oil ways should extend nearly the whole length 
of tjf.e bearings, •and a cone(jtafit supply of oil kept .up. 
It is of the ptroost importance that thebe spindles 
should be fitted to their bearings with the greatest 
accuracy, jts the, friction and vibration caused the 
high rafo of speed at which it is necessary they should 
run is excessive, sometimes engendering enough heat 
to cause me lubricating oil to take fire. When possible. 
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these beaqngs should have guards or shields to protect 
them^from dust and grit, large-sized cutter blocks 
should have befu-ings at their either end, as it jis found 
that when opcraiting on jjeavy work the cutter-block 
spindles am, apt to* spring if they are supported by a 
single bearing omly. Special'cait should alsfl be taken 
in designijig these machines, with the arrangement for 
holding down the woodjbeing planed or moulded, as 
should it be alhftved to vibrate even in a sligh^ degree, 
the flnish4& work is unsatisfactory. * 

The cutter blocks with their ii-ons on either face 
should be made to accurately balance each other, or a 
waviness or irregularity in the finished work is the re¬ 
sult. It is found a good plan to place th<i i)ressure 
apparatus for bolding down the w«od as near as possible 
to the cutter blocks, as it is thus ejiabled to make its 
controlling action felt to greater advani^ge than if 
placed a little distance from the point where the force 
is in operation which catjses the vibration or ‘ spring ’ 
it is designed to counteract. 

The cutler block operating on the under surface of 
the wood should be placed in advance* of the block 
operatmg on the upj)er surface, as a smooth face is 
thus secured for the wood to travel on whilst passing 
^ beneath the upper or most impoitant cutters. The 
countershafts should be placed at one end of the 
machine, to jjive a ctea*’ space to*the workman. The 
cutting edge of planing and mouldiitg irons should be 
speeded to tajavel about 6,000 feet per minute. 

•,Of recent yeai-s great .stride.s have been .made in the 
larger planing machines and a series of some lix or bight 
have, been introduced by Messrs. Thomas Robinson and 
Son, Limited. A representative machine of this series is 
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termed Type MS (fig. 13). It is an eight-roller planing 
machine designed partit ivlssr.'y for large planing mills 
where excellence of finmli—such as can pnly be attained 
by the use of fixed knives—is desirable.* 

The bed consists of a /ceding-in table,(fitted with a 
flexible side pressurp. After the feeding-in rolls and 
immediately before the boitom cutterhead, the bed is 
carried on an inclined slide for adjusting the thickness of 
cut, and' is controlled from the feoding-iii end by a hand- 
wheel and screw; the latter also causing the IVittom feed 
rolls to rise and fall simultaneously. The depth of cut 
taken by tlic bottom head can be altered from aero to 
J inch witliout stopping the feed. 

The cutter spindles are all driven from the feoding- 
axit end of the maehim. Tlie driving Ixilts are wide, and 
I'lin over heavy flanged pulleys, grooved ,to prevent 
slipping on heavy cuts or at fast feeds. The bearings 
are of bronze, self-oiling, and enclose d to prevent leakage 
and to exclude dust. 

* The bottom cutterhead can be adjusted vertically at 
either eml. It can Ijc (piickly drawn out of the machine 
for sharpening .ind setting the cutters; it is not necessary 
to remove the driving belt, thus saving considerable time. 

The side spindles revolve in long taper seif-oiling 
hearings carried in rigid frames, swjipoiied on a massive 
cross slide, and are adjusted across the width of the 
machinp by indeper.dent screws.' The weight of the 
spindles is taken ^on heavy bronze footsteps, sidnnerged 
in oil. 

Th^ top ciitterhead frame is firmly hidd at either (uid 
by lucking I'evcr.s, ami re.sts on planed slides, the iK'arings 
Iwing conne(;ted by a massive cross-tie, carried Ixdow the 
.beJ, making the cutterblock exceptionally accessible. 
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The frame raised and Rjwer^ by two screws, actuated 
from the side of the machine^ Aie ,weight being taken on 
ball-thrust bearii^s. The cutter-spindle bearings are 
conical ring-oihng, each bearing btiiiig fitted with micro¬ 
meter adjust; k^nt to tg,ke up*auy end movement. 

The fixed ki^fb - planing. anparatus is arranged 
immediately after tlfe bottom cii'ttorhead, and consists of 
four independent knife boxes, which slide in a maasive 
frame. The act 5f withdrawing any one'of the knife 
boxes automatically pulls a planed filling-iu piece into 
the position previously occupied by«the knife box. *To 
enable this to be done, each knife box has an independent 
series of pressure rollers fitted above it, a separate lever 
being used to operate each one. Any one of the knife 
boxes may tlierefore be withilrawn tyid replaeeil by a box 
with sharp knife without stopping the feed. There are 
also fixed knives for planing the sides*of the timlM'r after 
it i)a3ses the top cutti'rhead, one of which is mounted on 
a slide, and is (piiekly adjustable. 

A rotary shavings break'cu' or chopper can be mounted 
on a slide earried in the main frames of the machine, the 
rotary chopjicr spindle being mounted iu enclosed ring- 
oiling lieariugs. A suitable steel hopper is arranged to 
catc.h tl» long shaviugs<from the fixed knives, ami deflect 
them'diito the chopper, whence tliey c^iii l)o conveniently 
fnped to the pneumatic collector system if desired. 
To gain acecss to tin; shavings chopped', tlie ho)»]i)ei' sides 
are raised* by moving a l^ver, and the entire cflbpper 
drawn out*un its slide Co the front of tll^ inacliine. 

The pressitres througlmut the machine ^ne designed 
to rSduce the time taken in sotting *u]i, anfl ^o be sjplf- 
adjusting as far as possible; and to hold timber that is 
twisted and which varies in thickness, firmly down to the 
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bed before each cutterh^ad. Over'the bottom head a 
double roller pressure is al^ranged on either side of the 
opening in the bed. The outer aide head has a sectional 
steel face eliip breaker, which swings cleat of the knives 
to allow of varying cuts. Large diameter roller pressures 
arc provided for each side cutterhead, to liold the timber 
down to the bed whilst it is being matched. These 
pressures luv. e independent flexible adjustment, and are 
raised and lowered by a handwheel a*, tlic side of the 
machine, to suit different thicknesses of tiinbe . A heavy 
cbi^-breaker or radial pressure is attached to the frame 
carrying the top cutterhead beaiings. Tliis has adjust¬ 
able sectional steel shoes, and is arranged to swing away 
from the knives as the deptli of cut increases. An 
.adjustment to suit different projections of the cutters is 
"fitted. The pressure after this liead is adjustable to or 
from the knives, as well as vertically, and, being attached 
to the top head, is raised and lowered with it. 

The feed gear consists of eight feed rolls, four above 
and four below the timber, rhe upper set being carried 
in swings, and weighted from below. The first jiair of 
bottom feed rolls are carried in bearings supported on 
adjustible wedges, which move simultaneously with the 
table in front of the bottom cutterblock for vai , ing the 
tbickne.ss of the, cut. The feed rolls are dr'vtn by 
machine-cut gearing, the first motion pinions being of 
steel. Tlie lift of each set of rolls is indeiipiidont. 

ifm patent feed gear consists of (>xparding cones and 
a heavy V Ijelt running li(‘tween'them, and al'hongh out ^ 
of tht op r.jtoi'8 way at the end of the machine, is in 
full vii.nvpifil accet-iiblo. The rates of feed are instantly 
changed, wticn desired, whilst the machine is running. 

• fig. 14 repre.sent.s a high-speed four-cutter filaning 
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and mouldinf manhine By -iclm M'Dowall and Sons. 
The mai^ frame is of solid co»F/ij)i|tioii and east in one 
piece to secure free^Jom from vibration. The feed consists 
of four rollers 8f large diam(!lor, all of which are driven 
by machine-cui gearing, and by' means of the maker’s 
patent gear box skfoon rates ot may be obtained. 
It is claimed for this arrangement that the feed-belt 
speed is constant an<i all tliy feeds aro positive and that 
it is superior lo the various forms of friction'feeds tn use. 
'The rates oP feed may be varied at will from 2e feet to* 
100 feet per minute. 'The top cutter 4)loek is ananged*tu 
cant for cutting deep mouldings and the bottom cutter 
block is mounted in a drawing-out box which permits of 
the easy adjustment of cutters, and the amount of cut 
c,an be regulated^whilst the machine ^s in motion. The 
pressure apparatus is by levers and weights which are 
readily adjustable, and all bearings are of the self- 
lubricating type. 

Fig. 15 represents a four-cutter planing and moulding 
machine by W. II. Haigh,* Gruban and Co., Limited. 
This machine is recommended for Imavy tvs well as for 
light work. It is designed for exceptionally heavy feed 
gear, and has the ftdlowing fetitures:— 

’File Bbttom eutterlnftd is placed in front, tlfus giving 
a clea^l surface to the bottom ftiee of the tiinltjy "before 
l*assing the other cutterluNids. 

^ft is placed in a movable ditiw-ouU box, whiMi gives 
instant access t(Tthe cutters. 

The machine has tliree sets of feetf rollers, the top 
rollejs being driven by powerful iuachino-c*it geaf and 
chain*. 

The timber is feci throtigh lioth horizontal outterheads 
automalically. 
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Thft tiililo is siipp(>rt(H' at each of llu! fo-ir corners by 
a stroiij; slide. f , < 

Tho inacliine ha.s throe rates of f'od up to 35 feet 
per iiiinute. 
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The bearings are of |ihosplior bronze thronohoiit. •> 
The hori/.ont:]|l liearin^'s a^e of Uie self hibrieatiii):' 
rini'Ty)>e. 

Tin- maehiile is built to \vo(k timber from iL’iiiehefi 
by ti inelic^ in dill'erent sizes up to 3(1 im lies iiy C inches. 

^The self, spindles can lie arranged to work with patent 
solid steel cKpandiiu,' cutterheads or >Shiiuer cutterhead.s. 



CHAPTER XII 


IBREOULAR MOULDING AND SHAPING MACHINES.’ 

Machines for moulding mid shaping cirouhir or ir- 
regular forms in wood are of comparatively recent 
introduction; they, however, effect great economy, as 
compared with hand labour, in the production of ir¬ 
regular ornamental work, as used in church architecture, 
&c. They are .specially well adapted for working in 
hard woods, and will produce a large Amount of woi-k 
suflBciently perfect to require little or no finishing by 
hand. They can also be used to advantage for moulding 
shijis' timbers, straight or circular comice mouldings, 
ta.ble and skh'-board tops, chair and sofa frames, &c. ; 
and when not in use for irregular Mork, tljey^ can be 
used for straight, such as sticking architrave mouldings, 
sa.sh bars,%<top-chamferin^, grooving, rebating, thick- 
nessing„^Mi. In fact, from the range and variefii ‘if its 
work, it must be considered a most valuable mai'hine. 
A patent for shaping irregular forms was taken ^)ut in 
1820* by one Boyd, but th5 method of moulding* or 
shaping irrepilar forms fn wood by means of a cutter 
block ^fixed on spindle revolving vertically wsis in¬ 
vented fend patented by Mr. Andrew Gear, of Jiftnpsville, 
Ghio, U.S.A., in the year 1858. The machine he then 
constructed is similar in every respect to those now in 
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use. Ill the first machines, made two steel spindles 
were employed, to revolve in opposite direc¬ 

tions; these were fitted in bearings lined vtitU anti¬ 
friction metal and protruded through the top of a 
wooden table. The top'of the spindles were screwed, 
and the cutters, ,of .which there.were two to each 
spindle, were kept in ‘their placed by collars and nuts. 
Both flat and curved cutters w»>re em])loytid ; the shoul¬ 
ders cif thd' cutter spindles and thg under side of the 
collars.were bevel-grooved, and the edg(;«f the cutters 
made to eorrespoad. They were thus held llrinly in their 
place.s. A fence for sticking stiaiglit mouldings and a 
carriage fitted with chucks for ‘ pine-apple work ’ were 
added. For producing ‘ pinc-a[>i>le work ’ the wood 
was made to revolve by turning the chucks first in one 
direction and then in another, and any degree of ex¬ 
panding pitch or twist on a screw-shaped table leg or 
other ofnamont was obtained by leaving the (duicks 
free to revolve, and prolonging the extremity of one or 
both, the extremity being tiquared and twisted info the 
required shape and allowed to play endwisi; through an 
eye in the fixed standard. The inventor, it seems, made 
thesliscovery by accident, the first machine l)eing con¬ 
structed for one kind of wofk, and the extent of its 
range and easy, adaptability to cut irn'gular.av.d intri¬ 
cate mouldings was for some time undiscovered. UnWke 
many bthers, tlv? inventor ia said to have made large 
sums of monev by the sale of his patents. , 

Storerand'iticknell,(»f BostliTi, U.S.A., I'atentedsoiwe 
adfttiona.' im]irovementH in IS.'ifi. 'Those consisti'd 
chiefly«of an iinproved method id' fastening theVutters 
and a self-acting method of setting the cuttor spindles 
to angle for forming undercut mouldings. This was [K!r- 
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formed by ine^s of cone puUevs and worm and rack 
gearing working in a slotted qp/[^rgnt, 

Messrs. Greenwood and Batley^ of Leeds, exhibited 
at the International Exhibition of 1862 a Kinder’s 
patent shaping jnaohiije, whfcl/ did not differ very 
essentially from those’at present«iii nse. It conteined 
two vertical spindles, revolving in opposite directions. 
The cuttcr-heads or blocks ^were capable of separate 
vertical adjustment,? and could be fitted with a vaficty 
of cutters, to^suit the work being operated on.* The 
frame of the table was fitted on trunnions, and made 
to cant either way. The top of the table was made to 
travel longitudinally, and was fitted with transverse 
grooves, which were used for fixing work. Since this 
date various modjfieations and iinpravements in these 
machines havejicen introduced by Messrs. Robinson and 
Smith, of Rochdale, Wilson, of London, and others. 

Fig. 16 shows a vertical spindle moulding and 
shaping macliine by J. Sagar and Go., Limited. 

The frame of the machine is a cored casting made 
in one piece, and is fitted with a table with planed 
grooves across it to enable the fences &c.,»to be set 
sipiare witlumt loss of time. The slide carrying the 
spindle hfft planed ways* the full length, and; is ad- 
justahle^wrtically by hand wheel anck screw.* *The 
tejfrings are of phosphor bronze, of extra length, turned 
on the outside and fitted into bored.seatings.* '{he 
cutter spimUe and pulley are made from one steel 
fwging to seonre a true running balance. A loose head 
is fitte^J to the spindle, which is adapted to carry eitfier 
a squarh cutter block, grooved collars, or’solid rewrsible 
cutters. 

The dountershaft is arranged so that the cutter ‘ 

IS 
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spindle can be reaun^ lovrrsed' and i[im in eithef 
direction. , ' 

The method of driving and reveiping siiigfe vertical 
shaping machines by means of frictional discs is, liow- 
ever, not new, but its 'jfiddc of application may be. In 
some .4-merican maohives the frictiop pulleys for driving . 
and reversing are fifted to the countershaft. One 
friction pulley is fixed on^ a vertical sha*ft on which is 
the driving'pulley, from which, horizontally, the driving 
strap passes through the back of the ctilumn of the 
machine, the p\ill of the strap thus coming against the 
whole body of the machine instead of against the 
vertical spindle and bearings only, as would be the case 
if the countershaft was put in the front of the machine. 
The friction pulleys for reversing, which are placed on 
the horizontal shaft, are brought into contact with the 
friction pulley on the vertical shaft by means of a 
treadle.' 

The tables of many of the American machines are 
made of cherry and black' walnut wood glued together 
in strips and fastened with cross straps. 

In the panelling atid recessing machines, where the 
cutler spindle works from above, motion is usually 
given M> it by friotioii i>ulleys*placed inside the column, 
and"tW? table brought u)i to the cutter by a>t/endle or 
hand wheel and screw. 

^In* this country straight cutters are usually^ em¬ 
ployed in irregular moulding and shaping machines, 
but on the Continent and in America cma'td nr circulAr 
enfters tamed from the solid are mncfi u.sed. 

Shaping machines are usually construct,ed with one 
or more vertical spindles. Two spiiidles revolving in 
opposite directions is perliai's the most general and 
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nseful form, a» by this plati one cutter spindle can out 
with the ^rain of the wood r. i in one direction, 

and the other spiiuVe can operate pn the wood with the 
grain running iii the other direction without stopping 
or reversing the machiijp. 

The spindle, with suitable cutiers attached, projects 
above the surface of an accuraUdy planed table, and 
the cutting e'clges of the irons should be speeded to 
travel some 5,000 feet per minute. The wood to be 
shaped is fij^ed upon a wooden template, which is 
pressed by the operator against a collar on the cutter 
spindle; the cutters thus form in the wood the exact 
form of the template. In single-spindle machines, 
where the grain of the wood used is twisted and irre¬ 
gular, it is neces8p.ry to reverse the iiv>tiou of the cutter 
spindle, so that in curved patterns the^ cutters maybe 
enabled to work with the grain of the wood, or the 
worked turned out is rough and unsatisfactory. The 
cutter spindle should be of steel, revolving in extra 
long bearings of phosphor bronze, and capable of being 
raised and lowered to suit different classes of work by 
a lever and hand wheel or other suitable means. The 
top of th(‘ cutter spindle or head should be m*ade 
movable, *0 as to allow* of heads with other, cutters 
fixed ready for work being put into op.inttion ^vitbout 
elay. 

l^or straight work, sttcl^ as sash Oars, &c., a ^en¬ 
acting feed motion can be^ fitted ; and for sticking under- 
ctit mouldings the table or spindle can be arranged to 
cant. •We have recently seen an improved self-adjusting 
guard, fitted to this class of machines, to prevent 
accidents from the cutters. These guards cover the 
cutters entirely, but are raisc'd sufficiently above the 
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table to allow the woo<l beinj operated cyn to pass under 
them; they are flxed^ ^ turned upright pins, on which 
they can be made tp rise or fall, tp suit varying thick¬ 
nesses of wood. These pins are fixed into turned rings, 
let in flush with the ^able, and. as the template comes 
in contact with tkemi-they move tivd allow it to pass. 

Various combinations of these machines are made, 
with overhanging cutter spindles, for recessing, mould- 
ing"purpose8, &c., but our space precludes more than 
a passing notice. The power required to drive is 
small. 
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BAND AND PBBT SAW MACHINES. 

The band-saw machine, although very generally bte- 
lieved to be of French origin, was really the invention 
of an Englishman. In the year 1808 a patent was 
taken out in this country by one William Newberry for 
a machine for sawing wood, in which an endless band 
or ribbon saw, strung over two wheels, was used. The 
inventor also claimed the use of it fot splitting skins, 
&c.; in this case a plain steel or iron baud, s’ arpened, 
but without teeth, was probably used. This invention, 
although very complete and original, lay dcirmant for 
many y(;ars, probably through the difficulty of obtain¬ 
ing blades of sufficient toughness to wii.hstaud the 
strain put on them, and the difficulty then found of 
re-joininjt the saws wlion*broken .\s will be seen from 
our iii'istrations (figs. 17, 18, 19, ai’d^20), Ne\ 5 jjpiry’s 
ifiachine possessed all the elemenlu of practical utility, 
and although, from tlnj inferior quality of the saws 
then obtainable, it failed fo realise the inventor’^ an- 
4;icipations,,he is nevertheless entitled tfl the honour of 
being the origiiSator of one of the most valuable cf all 
wood,*woi’king machines. 

It seems a band-saw machine was patented in 
^^■^^(i'by M. Touroude in the year 181,5, and agais 



120 


If'DaD-irOA'l'/iVC Ahia/LV/'A'V. 


in 1845 by M. TliouaiHl; bn^;, owing tO(,tlie constant 
bi-cakages of tlie saw,s, tljey were only used on a very 
limited scale. 

Tlieri' is no record of many maclnnes being con¬ 
structed on Newben’y’sn.ptan till,1855, wlu'ii M. Peril), 
of Paris, exliibited «t t^ie French' L'ltcrnational Exlii- 
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bition a much improvcil nuicliiiio.mi which liceiiiplojed 
saws of F/cncli ;nanufacturc. Fi'oni the )node of tem¬ 
pering •hc.sc saws, they were enabled to stand the 

tension and strain necessarilv lait on them, and to run 
< * * 

till-a considerable period without breakage; thus the 
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|)n.tenlo(l, but tlu* in vontion of tho principb' undoubtedly 
belonjrs to Newberry. 

^ Tlie adoption was, hardly generaV li<»wevor, till 
within the fast^few yeans, as, from the introduoticpi of 
badly*^ proportioned and badly eoustrueltsf, machines 
with inferior saw blades, a sti-oufj prejudice, on'account 
of the loss arising from breabaoes, existed ae’ainai' 
tliem ; this, however,, is now (uitirelv nunoved. Fol- 
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lowing the Paris Internatioval Exhibition of 1865, 
General Tulloch, late, of the Carriage Department of 
the Eoyal Arsenal, at Woolwich, pu’-chased a number 
of machines from M. P6rin, and others of heavier 
construction were ordered ; this example was soon 
followed by others.’ These machln.-'s, serving as ex¬ 
amples to English engineers, led to heavier and more 
substantial designs being pi.ade, with other modifica¬ 
tions and improvements, which rendered them more 
suitable to the heavy class of work carried on in this 
country. ■* 

Various patents for improvements of more or less 
value have been taken ont. 

In IS'ifi S'lmuel Worssara and John Grist obtained 
provisional protection for improvements in cutting and 
shaping wood for felloes for wheels and sujh like curved 
surfaces. They employed two band saws, set at certain 
distances apaat, and mounted the blanks from which the 
articles were to be formed on a revolviii!; platform, to 
which motion was communicated by other suitable 
gearing. The band saws were carried over pulleys, and 
worked in the same plane. 

In the ye.ar 18.58 Mr. Henry Wilson, of London, 
took out a jialent for ‘ improvements in the mounting 
of blind saws,’ which he describes as follows 

‘ My invention is intended to previmt the breaking 
or auapping of Hand saws ^fr6m any sudden strain, or 
otherwise, whi]e at work, and from the liability to snap 
on the cooling of the saws after ceasing tti work; alsh 
to allow ready adjustment of the bearings cf the 
pulleysHiver which the saws are stretched. T connect 
^to the bearing of the pulley over which the saw is 
stretched an jpright rod or spindle, threaded at top. 
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pass ovei- tie thread or»Hpper pai-t one arm of a lever, 
and a^ust the spindle to tiic Jbj-ight required by a nut 
curved at bcttoi»i to fit any chjinge of position in the 
lever, and to fallow of the adjustment of the bearing of 
the pulley. 

‘ The h^ver is»e'ontred upon a pin supported upon a 
pillar. The opposite arm of tlio lever Is connected to 
a second verti,c.al shaft, or.rod, the lower end of which 
is connected to vulcanised rubber or other* spring, 
is carried ?lown on the outside of the pillar, and is pro¬ 
vided with a screw adjustment, ‘or not, as deemed 
necessary. The bearing of the pulley before named 
being free to move up and down within certain limits, 
it follows that upon any strain upon or contraction of 
the saw, the SQfing will allow of the bearing yielding 
and thus pr-event the snapping of the saw. 

‘ I do not limit myself to the precise arrangement of 
compound lever with screw adjustment and spring 
compensation, or either, just described, although 1 
believe it the best suited to the purpose of my inven¬ 
tion ; but 1 d<3sir(! also to secure the so connecting of 
the movable bearing of a stretching pulley over which 
the band saws are stretched to a spring or sprihgs, as 
will enable the saws to accommodate themsejvcs to any 
suddCif strain, and to contract withoi»t snappiii^.’ 

Mr. A. Kinder, of Westminster, in 18t)0 patented 
several improvements, ’cqiisisting chief!}' of a ney form 
of packing box, throjngh which the,saw rah, either 
horizdntafly or vertically, and a variable feed arrange¬ 
ment for feetfing the wood, consisting either of a re¬ 
verse cone motion or a friction disc and pulli^’. 

fn our International Kxhibition of 1802 several 
band sawing machines were exhibited, M. I’erin show- 
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ing one in operation which, from the dex>«rity of its 
operator and from the large amount of intricate and 
ornamental scroll-work it turned out, excited consider¬ 
able attention. The pulleys carrying the saw were 
clothed with leather and Indiarubber, in lieu of the 
use of tension springs. i A break for stopping the 
machine suddenly was also attached. Another French 
firm, Messrs. Varrall, Elwell, and Ponlot, of Paris, ex¬ 
hibited-a portable band sawing machine, with vertical 
engine and boiler combined. This niachino''was fitted 
with a feed arrangement, consisting of two pairs of 
rollers on vertical spindles, between which the wood 
passes. Only one pair of rollers was driven; these 
were fluted, adjustable according to thickness of cut. 
The other pair of rol'ers were plain, and, were heldhori- 
‘ zontally against the wood by means of a weighted chain 
passing over a pulley. 

M. Zimmermann, of Chemnitz, exhibited at our 
Exhibition of 1862 a band-saw machine, with an 
arrangement for circular cutting by swivelling the 
work horizontally on the table round a pivot fixed in 
it. Amongst'the English manufacturers of band-saw 
machiiies perhaps the greatest novelty exhibited was a 
machine by Messrs. Greenwood and Bat ley, Leeds, es¬ 
pecially oonstrnctad for cutting curvilinear shapes, as 
ribs for the frames of ships, and other heavy work of 
varying (level, straight or curved. The table was 
stationary, and t^ed in a horizontal position,* to carry 
the work securely, and the saw frame was hung on a 
swivel, and ^rould be set to any angle with the table. 
VViien shriis’ timbers or ribs are bi.dng cut for the bows 
of the vessel, they requiri* io Ix) cut to forms of double 
curvature, to suit the bilge of the vessel, from the keel 
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upwards; alid, in oonjuftctioii with that, they must be 
adapted to the tapering shape^oi the bow. The varia¬ 
tions of curvattire are rnaike<l in degrees upon tlie 
timbers at intervals along the curved line to be cut-out 
on one face,, the degrees 'ei.'pressing the successive 
angles of obliquity ^ and the jiwljeing swivelled on a 
fulcrum, luy/ing its centre at. nr near the surface, is set, 
by the aid nf a gradua.t*^ scale, suc-cessively to the 
necessary angles.' The laborious use of the adze was 
thus dispensed with. Instead of canting the .“law tabid 
to obtain the necessary bevel in thc’wood cut, the main 
standard of the machine was mounted on trunnions, 
so constructed that the surface of the table was on a 
line with the centre of the trunnion. The main stan¬ 
dard was also fitted with a. variable and self-acting 
radial motion. Thus when the rryiin standard was 
canted, the saw was permitted to oscillate freely, with¬ 
out changing its position with reference to the surface 
of the table. Arrangements were also made for fitting, 
if desired, a feed motion for carrying the wood through 
the saw. This motion could bo driven from, and com¬ 
bined with, the radial motion, .so as to pitiduce in the 
wood any peculiar bevel required. Messrs, ^owis, 
.Tanit^, and Co. e.xhibited a band-saw maclune fitted 
wile ITflson’s patent spring arrangem*it for j>r^nting 
breakage to saws. The main frame of the ^machine 
wae a hollow casting, and.was the f.^st example »f the 
introduotiSn of the hoHow-casting syslcwn in connection 
with wood-working machinery. Messr.s. Woresam also 
exhibited a coinpa(.‘t and useful machine, Ijut without 
a.ny special feature of novelty. 

^ In J866 Mr. Henry Wikson, London, patented tlje 
combining in one machine a band saw and a. jigger, or 
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fret saw. Upon the brackets tin "which she spindle 
of each wheel round v^hjch the band saw works, or 
upon the spindles themselves, he attached an oscil¬ 
lating lever. One or both arms of each-lever carried 
at their ends a quadrant'or curvediplate, and the i^per 
and lower levers were'coLnected to each other by a rod. 
The jigger saw was fastened in the ordinary manner 
between the quadrant of tlve upper and that of the 
lower lever, and iis these levers were caused to oscillate 
the saw received an up-and-down motion, so as to iict 
ou the wood or other material being sawn. The oscil¬ 
lating motion was imparted to tlie levers by means of 
a link carried from the lower lever to an arm of a 
wheel placed at the back of the machine, or in any 
bther convenient po.s^tion. 

Included in th’s specification is a modified spring 
arrangement for allowing the saws to oxi>and or con¬ 
tract in working. This consisted in using a spring like 
a common carriage spring. This was supported on a 
bracket, carried up from the centre of the head of the 
main framing of the machine. One end of this .spring 
was connected by a link to the siile bracket carrying 
the upper saiv wheel, and the other end was connected 
to the upp:,T end of an ordinary tension rod, which was 
adjustable by mt itns of a hand wheel aiiff screWat the 
bsmk of tbe machine. 

Iiv 1869 Mr. OCorge Finiuigan, of Dublin, patented 
an improved fown of horizontal band sawing machine, 
which could, fi)r a heavy class of work. Is; used in the ' 
place of the rack circular-saw betich or large timber 
frame. He claimed as novel, in comiection with sawing 
machines, a method for converting a rotary motion int^ 
a i-eciprocating motion, or vice verm and an ari-uiige- 
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ment for relieving the sjjdes and backs of saw frames 
, from undue friction. IJie m%chini consisted of an end¬ 
less band saw, strujjg and revolving on two wrought-iron 
wheels of some 6 feet diameter, fixed at either side of a 
travelling table which supported,the timber being oper¬ 
ated or. The savj jvas arrangfu V) cut horizontally,' 
instead of vertically,* as in rooSt band-saw machines. 
The travelling table was driven by rack-and-pinion gear, 
and the rate of feed could be altered to suit the timber 
being sawn.* It is claimed for this machine that it will 
cut a board from a hard-wood birch log, 6 feet long 
by 2-5 inches wide, in 60 seconds, and from a pine log 
12 feet long by 14 inches wide, in 27 seconds. 
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CHAPTER XIV. 

ilANI) AND KRKT .'iAW MACIIINKS— conHmud, 

In' 187!l a patent fur improveineiits in band sawiii;; 
inaohinerv was taken mit by Messrs. <R. Western 
and J. Hamilton. These improvements may briefly be 
described as follows :—The pulleys carryinir tlm band 
saw are fixed upon a bar, which is mounted at one 
end on a pivot in the axial line of the driviiie pvilley, 
and at the other end is fitted to a box, in which it is 
free to swivel and to slide loiiifitndinally. Both the 
pivot ami the box are arranged to slide on parallel bars, 
and are each provided with oear by which they can be 
moved aloncf these. Aceordinii a.s the one or other is 
'o movi'd, the saw is inclined more or less, so as to 
make a more or less olilirpie ent. The bar carrvino the 
saw has two brackets, fitted with circular discs, havino 
Sfnide-.,lots for the saw blade, which discs can 1)« turned 
so as to twist the saw Ivlade more or less at etieh sidi' of 
the tiiioMT. It will thn> be seen tbal this machine, 
when used for hevel-enttino. eombines the advantage 
of an ordinary inaehine with an improveii method of 
canting th • top saw pulley, instead of the table on 
which the Wood to be cut is phieed, thus securing a 
perfectlv level surfiiee, on which the wood can be moved 
With faeility in any re(|nired direction. 
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Mr. Sanaoii, of London, in 1874 patented a band 
knife machine, sjjecially adapted, Ipr cutting cloth and 
other inalerials. fie drives an eiKyess steel band in the 
ordinary uiairicf over three wheels; but in the place of 
teeth the band js shanijoned like a Knife, and an ar¬ 
rangement i« fitted to’^thc iuachi|e fdr,this purpose. 

This chief^iiovelty consisted in the peculiar means 
adopted for giving the required tension to the band 
knife, and to allow for its expansion and contraction. 

The inventor makes the main frame of this machine 
to overhang considerably the table oil which the work 
to be operated on is placed; this frame is lightly con¬ 
structed, and, although made of cast iron, will ‘ give ’ 
or spring when the band knife is in operation, thus 
lesseiiuig the chjjnce of breakage t« saws’ or knives, 
which, in worl^ng these machines, is aji item of great 
importance. By thus constructing the frame of the 
machine, considerable extra space is gained on the 
table for manipulating the cloth or other material 
being cut. 

A patent was taken out in 1876 by W. B. Haigh, 
of Oldham, for improvements in band-saw*machines, 
whereby ho claimed that the power required to dnve 
was cousiJterably reduced! The plan ho pursued was 
to place wne of the wheels carrying the «iaw on a'sfud, 
at one end of a double lever, there being at (he othei 
end jj, spiral spring, the *< 10111)10 lever ■ working on u 
tulcruin or shaft running ^iq bearings,-plqped in a slide 
lifted to guides, and having below the ordinary saw- 
tightening or regulating screw and nut; amfjthus, by 
placing the pulley on the arm of a lever, the tension 
can be sojrdjusted that much less pov.'er is required to 
drive the saw. In the same year M. Langlois, of 
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Paris, patented the plan of siouuting batid-saw vfheels 
on pointed centres, ;n;itlt an improved giwved saw- 
guide, mounted on dciinble points, to'keep the saw to its 
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work." In the same year Mr. McDowall, of .lolinstono, 
• patented a multiide band sawing machine. He claims 
the combining of two or inoin endless band saws in 
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one inaebin<l so'as to i^iperate on the same piece of 
limber, making the standar.’^ of multiple band sawing 
niacbin^s adjnstable, and nioiinting the pulleys on ec¬ 
centric pins or studs, wliicb can l)e adjusted for different 
Ibicknosscs of cut. ^ 

Our illnstratiow (fig, 21) r('yic.s( nts a machine em¬ 
bodying several impro\cmonts wliicb have recently 
been patented by Mr. Knowliiig, of Newton Abbott, 
Devon. 

The cbif'f points claimed as novel are:—In.so con-, 
structing the maebine that when thi saw is canted for 
cutting at an angle, tbo table of the machine shall 
travel in a horizontal piano; undue strain on the saw 
is thus avoided, and the tabb* carrying the wood is kept 
at a dead level. ^ In most of the orjlinaiy baud sawing 
machines, when it is required to cut at an angle, the 
table carrying the wood is itself canted, and consider¬ 
able difficulty is found in kcejiiug heavy riinber in 
position to be fed through the .saw. The main frame 
of this maebine i.s fitted ;\l its base with trunnions, 
which work in the foundation plate. A screw is .so 
arranged underneath the table, that, by aieans of the 
hand wheel shown in the engraving, the frame of the 
machiiu* is canted, and the table moved at,the same 
time. •Another improvement consists in adjusting the 
tension of the saw by means of a pivoteil arm or 
bracket, carrying the upper saw-wh^el, which'is acted 
on by a screw liedded on ji spring sup^rt placed on a 
•fixed rest. 'The patentee claims that the invention can 
be carried out iTi canting the saw b}’ meansof a screw, 
worm, or other mechanical contrivance, woriciag on. or 
in, or against a movable mefal fnime carrying the 
pulleys actuating the band saw; the said movablT* 
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ftame being journalled at its^lower end, [on the same 
centre as the bottom .saw,pulley. The table is mored 
by the same motion actuating the moying frame, which 
for that purpose is connected with it. The tension ad¬ 
justment can be performed by constructing the brackets 
of met^l or other material, furnishing the brackets with 
a spring or sliding beiJ, on one eiid of which a screw 
works, the other end abutting against a piVoted arm or 
bracket, carrying the upper saw pulley, so that the 
-turning of the screw separates the pulleys and tightens 
the saw. In Western’s and other patents several of the 
points herein mentioned have before been carried out 
separately, but the combined movement of saw and 
table is novel, and must be mentioned as a decided 
(■advance in this class of machines, and should be found 
‘ of service ta cabinetmakers, chairmakers, and others 
requiring to cut much bevelletl work. 

In the International Exhibition of 1878 held in 
Paris, a large nnmber of band-saw machines were 
shown, most of them in bperation. Although this 
machine was chiefly developed by the Fi'ench, they, of 
most other nations exhibiting, seem to havi; made less 
progfess in rendering it efficient and complete in its 
every detail. We will briefly notice such maCiiines as 
possess any sp^ial feature of improvement iu' their 
design or arrangement. 

Ip the English section perhaps the most original 
form of band saw was that exhibited by Messrs. Western 
and Co., of London, one of whose patents’ in connec-* 
tion therewith we have just described! To allow for 
the exponsion and contraction of the saw blades, a 
Wilson’s patent spring arrangemciit was added j this 
we have also spoken of before. Messrs. CbarlcS Powis 
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and Co., of London, exhil^tec^ in tiieir band-saw machine 
an impsoved method of cantift^ the table for bevel¬ 
sawing ; it consists of a modified* form of the ball-and- 
socket joint arrangement. , 

Fig. 22 leprosenj®* a ' new century ’ band resawing 
machine by W. B.^Iaigh, Gnibiti and Co., Limited. 

This maciii'ie has been specially designed for cutting 
planks, deals, and iwttens uj) to the maximum edacity 
into thin bqprds. 

The main frame is in one single h|savy casting. 

The bearings are of a new patent combination roller, 
and ball thrust and recoil typo, and are guaranteed to 
stand a strain of 100 per cent, over the working load 
without heating. 

Tlie top saw»])ulloy with its Blihft and bearings is 
mounted on <a heavy bracktd, with » bearing on each 
side of the pulley. 

It is adjustable in height by lever and ratchet to 
give the necessary tension to the saw blade, and is fitted 
with canting arrangmnent and cross lining device. 

A very sensitive knife-edge straining device with 
compound weighted lever is fitted to eompensato for 
the expulsion or contraction of the saw blade. 

'‘ Jve bottom saw pulley acts as a fly wheel. 

rho'Teed gear consists of two flutctl and two plain 
rollers driven by powerful machine-cut gearing. . 

An improved self centring device is fitted, to centre 
accurately lipards from ^ inch to 3 inchos*thick, by means 
of a foot lever. 

The feed motion is by means of friction gear, 
instantly variable whilst the machine is in niotum from 
practicaUy nil to over 120 feet in No. 1 machine, ami 
up to over 150 feet lineal per minute in No. 2 machine. 
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The follovTing are givpn Ity .the makers as a few 
actual tests taken on the niachim^:-- 

Scots Fir— 


2.000 lineal feet of 16 inches by 1 inch,-, o bta -r ■ i t . 

split into to 4,mcb bo.ama. i 

1,660 lineal foet of 7 iilcliea by 2 

spill/ into *3 to I inch boards. • 


ill one hour thirty-five 
niMiutes. 


Messrs. C. B. Rogers anej Co., of Norwich, Coiiuec- 
ticut, tJ.S.A., exhibited a band-saw machine cam’ying 
36-ineh wheels; the spindles are steel, and run in^louble 
bearings; these are fixed on an adjustable column fitted 
into the main framing of the macliine, and rest on a 
thick indiarubber roller or washer, which gives to the 
saw when in work considerable elasticity, and allows for 
its expansion anfl contraction. Tly; table is made of 
wood, glued together in strips, to prevent warping. A 
small rotating disc of steel receives ttie hack thrust of 
the saw. 

Messrs. Periii, Panhard, and Co., of Paris, to whom 
the development of the band saw is largely due, exhibited 
a mnnber of machines, but they did not possess any 
special features of novelty; several of them are fitted 
with chain and other motions for feeding the wood for 
straight sawing. Another machine, running at a slow 
speed, find carrying a saw blade with, fine teeth*tem- 
pered as hard as possible, is used for cutting cold iron 


and steel. 

Recentlij patented anil fitted to a bayd-saw inaehino 
exhibited by M. Quetel-Tremois, of Paris, is an im¬ 
proved saw guide. Tt is construotod of gun»metal, and 
consists of three small square oil boxes, one placed on 
either ^de of the saw and one at the back. The side 
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of each of these boxes neai-esfj the saw is Lade movable 
and adjustable to the ^au^'e of saw by set screws j these 
tuovable plates are made of steel oi other m'etal, and 
a number of small holes are drilled ‘ through them, 
through which the oil percolateg. In addition, at the 
back of the saw is placed a small i‘eTolving steel wheel, 
which receives the back thrust, feecordin^ these small 
matters may to some appear trivial, but, owing to the 
keen .oorapetition of the day, anytl'ing, be it ever so 
, small, that either saves labour or adds to the productive 
efiiciency of a mathine all practical men will admit is 
of importance. And here we may add that it is our 
opinion that much of the present success of American 
competition is due to the attention paid to the smallest 
details in their machine construction, ,}vhich either in¬ 
creases the ran^e of work performed, improves the 
quality, or lessens the cost of production, which saving 
in a day ftiay be infinitesimal, but when multiplied by 
months or years amounts to d gigantic total. In point 
of fact, in comparing English and American machines 
for performing the same class of work, many American 
machines ara carried further than our own. 

M. J. Pan, of Bordeaux, exhibited a machine in 
which the saw wheels are constructed solid, of wood. 
By this plan he, claims to drive with less power, as, 
being without arms, the wheel has less air resistance 
to overcome. Fixed directly tft the bottom saw-wheel 
spind'^e and driving this machjue was one of P. Martin’s 
rotative engines, which made some 4.50 revolutions per ‘ 
minute. 

M. Afbey, of Paris, shows a large number of ma¬ 
chines, including a band saw for cutting heavy timber; 
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it is fitted witft a self-actiiig trarejling table for feeding 
the timber, and a lateral mfvojpont for bringing the 
timber up to the Saw. The ti availing table was also 
arranged with a hand-power chain reversing gear. We 
noticed on one of the lighter machines a compact little 
hand-rest for bevel-*euttiug. 
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CHAPTER XV. 

' BAND AND FRET SAW MACHINES— COtlKnued. 

The origin of tlm fVet-cutting machine, which is also 
calloil the .scroll or jigger saw, is obscure, but it was 
in general use long before Iho band saw, both in this 
country and .\meriea. For tracery, fret work, and other 
internal cutting, where the endless-bf^nd saw is not ap¬ 
plicable, the fret saw is i.>f considerable yalue. Hand- 
power fret cutting, by means of a bow .saw, h,is been 
practiseil for a groat number of years. Of late several 
improvements have been introduced, which render it 
more generally serviceable, amongst which may be men¬ 
tioned a fle.xible self-adjusting bow saw, patented by a 
Mr. Cotter in 1872. In this bow-saw frame th(‘ stretclu'r 
is niade of steam-bent beech wood, which forms aspring. 
The stretcher ends are jointed to tin* side bars; the top 
of the side bars arc connected with the stretcher by two 
tension rods, fitted with thumb nuts at their outer ends; 
the,other ends ^la.s.s into fortiale screws fitted in, the 
stretcher. turning these,thumb nuts tlVe tension of 
the saw blade can be varied at will. The' end of euefi 
spindle f(tr holding the saw has a longitudinal and 
transviA'SC slot for receiving the blade and jun; slots 
to correspond are made in the sliding tube, so that 
when the tribes are drawn forward and turned the saw 
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blade is lirnily locked. Tlie^sa.A', by this plan, can 
easily be set or removed, and IroA the flexibility of the 
frame it is n)o,"e^ pliable for cutting vei’y shai’p curves, 
and is also loss liable to b;tak from sudden strains put 
on it. Before iihe l^aucf saw was introduced, and after 
some years in a measm-e took thdplace of ihe fret saw, 
almost all kinfls of iiTej'ular or curved sawing was per¬ 
formed by the irot saw; seveitil other plans were, how¬ 
ever, tried, bat with little success. 

From its novelty, a plan for curvod.sa wing, invented 
and patented by E. B. Wells, of Uniontown, Pennsyl¬ 
vania, United States of America, in 1854, deserves 
notice. An angular incision was made in a circular 
saw, from the edge to the centre, or, in other words, a 
sector was cut lr(?m the disc, whieh*was then sprung, 
by means of ^v^lshors and rings, to any^-e(iiiire<l degree 
of curvature, ft wuis termed an adjustable, dialled cir¬ 
cular saw, and was designed for cutting barrel staves, 
wheel felloes, and such like work, ft was intended to 
be run at a speed somewhat less than the ordinary cir¬ 
cular saw. 

Some fourteen years since, Mr. Taipcy, of New York, 
made a ftet-saw machine, worked by thi> foot, which 
cmboiTJot^ several improvements. * 

A very complete fret-saw maehine is also made by 
Beach, ot Montrose, United States of i\merica. Motion 
is given to tlie saw by an adjustable friction pulley on 
Uie crank shaft, and the’sfieed can be varied-at will by 
the operator depressing a treadle. The saw guides are 
adjustable laterally and transversely to line, ftr^to give 
any desired rake to the saw; the cross heads are also 
adjustabre for wear. Ten.siofl is given to the saw bj» 
ratchet gear. The mnyking parts are suspended to a 
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wroiight-iron tabular fiiaft, which is held in place by a 
box and lever, and balanctjd 1^ a* spring. An adjust¬ 
able steel Jbearing sjjpports the biicfc of the saw, and it 
can also be used to hold down the work. An air pump 
for removing ■‘^he sawdust is attached to the cross head. 

Mr. James Eeni^Q, Engineer, of Dublin, has from 
time to time introdused impro'fements into frift-saw 
machines. ln»1865 he brought out a simple machine. 
In a vibrating or pscillating; frame a fret saw was 
strained; thes frame derived its motion direct froJn a 
triple-action cam, having two or more actuating surfaces! 
on the first motion-shaft, which was worked by the foot. 
On the inner and outer peripheries of this cam, which 
was a flange screwed to the side arms of the fly wheel, 
worked two pulleys covered with india-rubber, to prevent 
noise when I'unniifg. These pulleys vfere earned at the 
lower end of a lever, tlie tipper end of which was keyed 
fo a rocking shaft, which vibmted in bearings fitted to 
the table of the machine. Two arms of a C form were 
also keyed on to the rockinj^ shaft, and the saw blade 
strained between their two vibrating ends. By making 
two or more acting surfaces on the cam, any number 
of strokes of the saw can be secured. An india-rubjier 
ball or bellows, inflated by the upward stroke of the 
saw, \f»i8 attached for blowing away the sawdust from 
the line of cut. * 

Mr. VV. J. Cunninghaip, of London, patented about 
]865*a coml^ned fret saw and drilling machine, of Wery 
^mple coustnuction. The drill was verticHl, and worked 
l>y leverage, and .could be attached with advantage to 
an ordinary lathe. We have recently seei> a well- 
arranged machine especially adapted for dovetail work, 
designed’by a Mr. McChesney. The saw is driven by. 
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a cord passing over three slieasres, tw\) of which are 
adjustable, and the' teijsiofl of saw can be regulated 
thereby. The inain frame is of shape, aud of light 
coustructioii, but, t6 prereut oscillation, it is braced by 
means of a wire rope passed round its exterior. The 
table can be set to angle, to give.tjje taper to tin; wood 
neces'sary in, the curdl'd form of^dovetail it is designed 
to cut. ' 

Messrs. J. A. Fay anS Co., of. Cincinnati, U.S.A., 
exhibited at the International Exhibition in Paris (1878) 
•a very complete^ fret saw, which we illustrate herewith 
(fig. 23). As will bt? seen from the drawing, the body 
of the machine is cast in one piece. The rccijirocnting 
parts are made very light; the tension is flexible. The 
upper end of the saw is attached to a strap, which, at 
its upper end, is Connected with a, sfgment pulley and 
eccentric rollei'? To this eccentric roller is attacheil 
the straps, which are connected with two .steel springs, 
made of a series of thin [dates of ditferent lengths. 
By this aiTangemeut an admo.st equal tension through¬ 
out all [tarts of the stroke of the saw is secured. The 
eccentric roller is so adjusted that in the downward 
stroke of the saw the lessening flexibility of the steel 
springs is compensated for by the shortened leverage of 
the eccentric roller. The sliding cross-frame^ tft which 
the springs are fitted is adjustable for different lengths 
of saw.s, and the small hajid wheel in front of the 
maVdiine sets tlie cross frame to any dejiired ‘'lead.' 
A patent oombined brake aiftl •striking gisir, worked l^v 
the foot, is attached, and is arranged<to stop and start 
the saw ttradually. The fast-and-loose pulleys arc six 
inches in diameter, and are s[)eeded to make 1,100 
revolutions pet minute. ' 
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Messrs. Kof^ers and (!o., of Norwich, U.S.A., 
also oxlubitcd a handy itei saw! ^ The saw strainine;- 
trame consists of 14 ligiit iron fi'amo, adjustable to dif¬ 
ferent lengtlts qf saw, and has ort either side a hard¬ 
wood spring, with adjustable tension,and is connected by 
straps to l.he etfw.« The saw is held,by a hook and pin 
at each end, which alfcws it to hi easity detachecf. The 
back of the is fitted with .and steadied by a guide. 

We have seen another metho<l of holding tl\^ fret 
saw introdueed in machines made by J. Eichaj'ds, of 
Philadelphia. In this machine the 3 »w is not strained 
in the usual manner, but supported by steel anti¬ 
friction guides fixed at its top to prevent it turning and 
give lateral and back support at the same timi>. The 
saws are fastened to a tubular slide running in bearings, 
and steel guides are fitted to the end of the sliding 
tube. A small fan-blower is attached Tor clearing away 
(be sawdust. A very good plan for keeping t'* cutting 
line clear in lieu of a fan-blower is, to construct a small 
cylinder with a piston which can be arranged to blow 
a volume of air at each downward stroke of the saw, 
and will ]ierfi’)rm its work very effectually^ Kor light 
ornamental sawing a simple and compact machine, 
woiked lay the foot, has recently bei'ii patented by a 
Mr. Tlarnes, an American. The reciprocating motion 
is given to the saw by atla(d\ing the saw arms to a 
continuously revolving vdieel. This \jlieel is driven by 
str.aps attaahed to the ti'cadle, and the ordinary crank 
ss done awat with. 

If, in designhig a band .sawing nmchine, ii was prac- 
ticalib; to emlx)dy some of the various impfovenients 
we have notii'ed without infringing jiatent rights, the 
result slTould be a com]larati\^'ly perfect tool, eombiniui* 
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tiiiat gi-eat (lesideratuin in macbincry ^lie maximum 
amonnl: of productive (fflfick*ucy vfitli the ininimniu 
amount of complieatiS'n and loss fvom excessive wear 
and tear or breakagh. As, however, t)iis embodiment 
is unfortunately not practicable, we must content our¬ 
selves with a few general hints, which 'hiay be found of 
some service. The mfein framing' should be rigid,' and 
cast in one piece. For the lighter clas^ of machines 
an ordinary flange casting is suflicient, but for the 
beaviey type a hollow or box frame is to I* preferred. 
Gare should be taken that the frame is curved or bowed 
suflRciently to allow of ample room between it and the 
saw for the easy manipulation of the work. The saw 
wheels should be made as light as possible, and the 
upper wheel mounted in a slide, arranged to ‘ give ’ to 
the vibrations or any sudden impact of the saw_. The 
saw-wheel spindles should be of steeK and run in 
double b.*aringa of phosphor bronze. Siiflieient care 
should be taken as to their lubrication. The periphery 
of the saw wheels should lie covered with india-rubber 
or two thicknesses of leather, and turned inside and 
out, and accurately balanced. To lessen the breakage 
of .the saws from expansion, contraction, or other 
causes, and to keep them at their proper tt-usion, a 
weiglitt^d lever or spring should be fitted to the'slide 
in which the top saw-wheel is mounted. Metallic 
friction guide-wheels should bp provided to receive the 
back: thmst of the saw, and adjustable M;ooden side- 
guides sho<dd hlso be added.' -On no account shonldi 
the back of the saw be run against a fiaed bearing. 

In th« heavier class of sawing it is found that, no 
matter how carefully it is operated, the saw is apt to 
•buckle and run from the line; it is, therefore, necee- 
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gary, in addition "to the,orditifyy guides, to providfe 
gome plan to obviate this as ;'ar,£(e possible; this can 
be accoiifplished by adding side fyiction rollers, placed 
on a spindle vertically, and arranged to guide from the 
teeth of the sa\v. The^iaw wheels should in all cases 
be made of as la^fe diameterConvenient, as the' 
friction, and consequent buckling and breakage of saws, 
is by this menns lessened. ^ For very heavy sawing 
blades three or fou^ Inches wide are used; the wheels 
should be of* not less than 5 feet diameter; theSe are 
sometimes constructed of wood, or ol’iron centres and 
wooden rims. The upper saw-wheel should in all cases 
be so arranged that it can be set to an angle with the' 
lower wheel, thus directing the saw to run on any part 
of the periphery,,and equalising the wear on the india- 
rubber-or leajhor covering. The table on which the 
work is placed should be arranged to .set to an angle 
lor bevel-sawing. A ball-and-socket inoveinent is a 
convenient idan for this purpose; the angle can be 
determined by a gauge and pointer. For light bevel- 
saiving a small portable banil-ri'st slionld be provided, 
and for regular sweep-cutting, such as wheel felloes, chair 
backs, break blocks, Ac., a radial arm is u.seful. 'the 
upper saTv-xvheel should be arranged to rise ami,fall to 
suit varying thicknesses of wood, as als» the fronttiaw 
guide-arm. It is now the practice in this country and 
.\mefica to construct the tvheols carrying the saw with¬ 
out flanges;* in lien of thy, at any riito^n the larger 
iflachines, a small loose roller should be fitted to guide 
the saw blades *on the upper wheel. Th»e larger 
machines arc sometimes fitted with a .self-aetimg feed 
for straight sawing. A very j 400 <l plan is to aminge 
vortieally on the table two or more rollers, geared 
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strongly together, aiul a foiicc acTjustablt) by means of 
a hand wheel and ijerew- to thichness of e.nt. These 
rollers are set in imdion by suitable toothed or friction 
gearing, and the wood is fed between them and the 
fence plate. The feed rollers should be provided with 
changes in the ra*e ^f feed, to luct varying kinds of 
wood, amt should' be adjustable fo and I'rom the fence 
plate. ^ 

This self-acting feed is very n.seltil where much panel 
or boi: work is reqnii-ed in addition to the ordinary 
curved sawing, for which a separate table should be 
used. In sawing the heaviest class of logs into boards 
by means of a baud saw, which in the cast* of valuable 
woods is oftentimes done, in lieu of the feed motion 
above deseriljed, a travelling earriage, actuated by a rack, 
chain, or other suitable feed, is provided. Baud saws 
are sometimes used for cutting iron, .steel, copi)cr, itc., 
when ciMd. In this ease the saw is driven .it a slow 
■sjjeed —some it.jO feet per minute. The saw is tempered 
specially bard, and is made somewhat tapi'r from the 
points of the teeth to the back of the blade. The iron 
to be sawn,is ti.xed in a suitable cramp or vice. Large 
band-saw machines are akso constructed to work hori¬ 
zontally, for breaking down heavy logs. For'^this [lur- 
pose the saw wheels are made of large diameter, and 
mounted on sliding luuokets, working on two vortical 

columns; these .brackets are.rai.sed ami lowered simnl- 
* ’ * 
taneonsly by a hand wheel and senov. The timber to 

be cut is'earned underneatli'the .saw, oiV an iron tri*- 

velling tiJjle, fittejl with rack or otherfeed, and a gauge 

and pointer are provided t<j measure thickness of the 

cut requireil. By certain modiiications this form of 

horizontal band-.saw can* be adapted for cutting ships’ 
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tiiubtM's t') the poculiiir taper and bevel required in 
formin'-’' their keels. In*N<;-v "fork baud-saw blades 
an? worked u]) 60 ^t. Ion;' Iq' 6 ^iif. or 8 in. wide; but 
tills large size are rarely, if ever, ifsed in this country. 

The advr.itages gained in using a well-constructed 
band sawilig inachjui are many. ,ln the lirst^place, 
even in cutting heavy timber tiio pfiwer required to 
drive is small, and the cut is continuous. The wear 
and tear is small. »As the ifu.st falls through the,kerf 
in sawing, tbe lines of the de.sign can easily be followed 
by the oiierator. The saws can be w.-.ed of very thnl 
gauge, thus wasting little, which is a consideration when 
.sawing valuable woods. Architectural di.'sigus, furni¬ 
ture work, Ac., of elaborated design can readily be 
shaped tmt, thus effecting an immense saving over 
hand labour. ln*addilion to cutting wood, band saws 
can be arranged to cut iron, bone, iron, pair r. cloth, 
leather, and idhcr nia'cri.ils. In working I7and-saw 
machines care must be taken that the saw blades used 
are of tlu' best possible qiialfty, as, no matter how well 
a machine i-- coustructeo, if inferiiir blade.s are used 
tim loss from bieakages, stoppages, Ac.. \yll be con¬ 
siderable. •‘^aws sliould not be used of greater width 
or gau;p*than is absolutely uei'cssary. It is a ir.’stake 
to sU)t[iosO tliat saws of a thick gauge or great width 
stand better than thin ones. The reverse is the fact; 
they should 1 h' of c.xaetly the same widlh and tliicknes.' 
throughout,jind of uniform teiiqu'r and set. The teetli 
ij' the saw sl.5mld be set •by blows on the insitlc of tlu 
blade, as in this rase they are less liable to ryii otf thi 
wheel. They should bi’ worked at a moderate’tension 
The teeth of baud saws for ordinary sawing should be 
speeded tb travel about 4,000 feet [hh' minute. 
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CHkPTER XVI. 

STKAM MOBTISINU A,ND HOKINO MAOHINES, 

After the forest tree has been cut dowh, sawn, ami 
planed true, the flest operation is joining it together; 
the most general form of joint is that produced by 
the mortise and tenon. Wo shall in another place notice 
the operation of mortising as performed by hand-jwwer 
machines; we now purpose taking the larger class of 
mortising machines worked by steam, and adapted to 
the lieaTier wi^rl? required by railway-waggon builders, 
sliipbuiMers, contractors, and others. 

Mortising machines inay bi' briefly divided into two 
classes—those in which lift' chisel or cutter is worked 
with a reciprocating motion and thosi! in which it is 
worked byji rotary motion. These two motions, how- 
em', admit of many modilication.s, to suit the different 
classes of work or material operated on. In thft country 
and.Annu'ie!i njuchines with a recijirocating motfbn are 
most in favour, whilst France and other Continental 
nations gen(‘rally jii'-'fer a rotary motion. 

'The invention of the mortising machine,is getienlly 
attributed to 8ir .Samuel lleiftham, in tile year 17!bV. 
In 1H07 Jlrnnel, jn connection with dienry Mandslay, 
mmle several machines for the Government, which were 
in successful operation at Portsmouth Dockyard and 
elsewhere for many years! These machines weVe chiefly 
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used for mortising ships’^ blocks, wliich operation had 
hitherto been performed bj iiiapT.al labour. Bees, in 
his ‘CyiJlopscflia’*(1819), says, ‘'rhe framing of all 
these machines is made of east iron, and many of those 
parts which are ex])os^d to \iolent and rapid motion 
are made of hardtuicd steel, ty aroid wearing; and 
wher(‘ this i.s iin)irii<;tieable such parts a're formed so 
(hat they can iciidily be resowed when worn ont, the 
trifling repairs to ehtting tools, &c., being made by the 
workman oii tlie s|»ot. These circumstances vne par¬ 
ticularly re<‘oinmend to the attention'of manufacturers 
who have occasion to employ extensive sets of ma¬ 
chinery ; for this, when well constructed, though ex¬ 
pensive in the erection, is cheaper in the end than 
imperfect works, which require constant repair, the, 
expense of which is the least evil, as it generally happens 
(hat .a machine will fail at that time when it is most 
wanted, in consequence of being then most worked; and 
the loss occasioned by the stoppage of great works, par¬ 
ticularly where many ppo]>l(1 are employed, is too evi¬ 
dent to require our notice. In the same manner, an 
attention to neatness in the appearance' of machinery 
has its luhantagcs, by inducing the workmen to be 
I'arefnl of the machines tlmy work at, to preserve them 
t'roiii (he slightest injury, and to keep them clean fi’oni 
dust, whiidi, trifling as it may appear, is a very essential 
partjprcservation tif th«<Se parts which are in rj,pid 
motion with friction aguiqst other partf^ for dust get¬ 
ting between such surfaces grinds them away very fast 
and in their mos^ essential points,’ .We coiftpioid the 
abtive paragra[)h to the attentive perusal of mftnufac- 
liirers and designers of any kind of machinery, as it 
conveys several wholesome lesson®. 
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The mortising machines, designed by Bvnnel were 
arranged to cut the noffcises in several blocks at oms 
time. As many chirols as there w*erc mortises to b(‘ 
cut were fitted to a vertical frame o'r slide, working 
between standards somfewhat similar, to tV ordinai-y 
saw-fkime. Thij Verft’oal frame Received- a reciprocat¬ 
ing motion from a crank and coiinectipg rod. The 
blocks to bo mortised wcA'e fl.wd on an iron travelling 
tabid, arranged to pass underneath the chisels; motion 
was communicated to the travelling table by means of 
a ratchet wheel and screw, so constructed that the table 
was moved forward the thickness of the chip it was 
intended to cut at each stroke of the chisels. The table 
also had a hand feed worked by toothed gearing, by 
which the operator could bring it up tr> the [iroper point 
for commencing the mortise. The chircls were ]>ro- 
vided wi^h small teeth, which were fitted into dovetailed 
notches, formed in the blade of the chisel, iind called 
scribers. They had a shai'i) edge projecting a small 
distance beyond the inside edgt' of the chisel, iind there¬ 
fore in descending through the mortise the scribers cut 
the, sides of the mortise clear, and cut at tin? same time 
two clefts, which separate the chip which is^'o be cut 
out by.the next stroke at its edges from the inside of 
the mortise, si1 that the chip conii'S out clear, without 
splitting at the edges, thus making the inside of the 
iiKM-tise as I'lear’and smooth *as possible. Each chisel 
had also a pisce of steel fixtnbou it befoi;;'th(' edge bv 
a screw wliich [>rojccts from the inicjdlc of it, and is 
screwed jfito its blade, the- uppi r end f>f the jiicce being 
received in a notcli or groove formed in the chi.scl. This 
piece is for clearing the ihips out of tlie mortise as fast 
as they are cut, for though in general the.se fall down 
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the block, yet it niiiy happen thf;^ will stick in, in which 
case, without this proeautioi\, l^'.y wmihl clo<' up the 
mortise with chip!#, so as to iinpeSe the proper action 
of the chisel. There were three machines of ditferent 
sizes in ojieratipn, and, the in id ium-sized machine was 
speeded to make ifs many as 4t^0 strokes per minute, 
and the worjc turned out is reporteif to "have been of 
first-class quality. 

For some years no especial improvement^ on 
Brunei’s mortising machinery seem to have beea made 
in this country. Some thirty year.^ Ago Mr. Buck, ah 
American, invented a machine with a somewhat in¬ 
genious action. The tool or chisel holder was arranged 
to slide between guides, and was actuated by a link 
similar to that ii#ed in the slide gepr of a locomotive^ 
this link wa.s, worked by a crank, or eccentric. The 
link was shifted by a treadle, so that when the block of 
the tool-holder is at the fnlcruni end of the* link the 
chisel is at a standstill, and thi' further the tool-holder 
block is from the fulcrum tfie longer is the stix'ke. 

mortising auger for making square lodes, in¬ 
vented by Mr. A. Bramdi, of Xew A'ork, \ws described 
in the “Jj’ranklin Journal ’ of Philadelphia in the Vear 
162C, It was stated to consist of an auger, ^.'brined, 
like the American screw auger, with the twisted*part 
ciiclo:ed in a cu.se or socket, extending from the upiier 
paii of the twists to tlie cutting odge, allowing the 
small ent»*\’^ng screw U),project beyoq^l it. The ex- 
tmrnal form of the socket is cither square or otherwise, 
according to the intended shape of tjie hole to be bored, 
a large portion of its sides being out away to iiJlow the 
chips tq escape. The lower^end of the socket is steel, 
with a sharp cutting ('Jge bevelled towards the insidt*. 
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The cutting edges are^not allowed' to terminate in right 
lines, hut are wade Qoncaive, so as to admit the angular 
points to enter the'wood first, thij causing'it to cut 
with greater ease and more smoothly than it otherwise 
would. The upper part of th(j socket forms a collar, 
wliiclY works freely (^ii the’ shank' of the auger just 
above the twisted part, ami is refained in its place by 
a pin and other appeudg.gcs. When a longitudinal 
hole pr mortise is wanted, two or inoVe augers are placed 
side bj- side, furnished with their appropriate sockets, 
and retained in dheir places by various contrivances. 
This form of auger was invented about the same time in 
England by a Mr. Thomas Hancock, of Loudon, and for 
some classes of mortising it is in use at the present day. 

In 18o:i Messrs. Slater and Tall brought out some 
novel machinery, especially adapted for cutting the 
wood work neces'sitry in the manufacture of carpentere’ 
planes. 'A mortising machine for forming the sloping 
sides of the cavity in the plane block ucces.sary for the 
iron was very ingeniously devised, .and may be briefly 
described. The cutting irons or chisels were bolted to 
two slides, picing each other, and working in dovetail 
grooves on the face of two inclined standard.s. The 
upper end of each of these slides was joined to a eon- 
nectiug*rod. and the lower ends of both these rods to a 
crank pin, fitted to the face of a cast iron disc. This 
disc was keyed oy to the end. of a driving shaft, run¬ 
ning in l)earin^8, and fitted with fast-and-lojse driving 
pulleys. The plane block to b** mortised is held by* 
screw elaiyps upon an inclined bed, iet to .an angh; 
correspQiifting to the different inclinations of the sides 
of the cavity ivquired in the plane block. When the 
siachine is in motion the* two cutters descernf simul- 
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taneously and comrabuee their cut close together, on 
tlio face of the plane block’ an ■! {'r. ;dually widen as the 
block is set up, until the angular davity is cut out the 
required depth. Another machine was designed for 
cutting the grooves in t^ie cheejts of the plane’s cavity. 
This machine was lirttvd with exp^ndin^ cutters, jvliich 
expanded gradually aX each stroke, thus deepening the 
grooves in the block. When, the proper depth of the 
tiTOOve was attainefl, the expanding inecbanisni .was 
thrown out of gear. Each of the expanding cutters 
had three cutting edges; the outside edges widened" 
t he groove or slot in the plane block at each descent of 
the cutters, and the bottom edge cleared the wood 
away. The general arrangement and details of these 
machines reflect tjie highest credit op their designers,, 
and may be studied with advantage by students and 
others. 

About this date also (1853) Messrs. Buulen and 
Lamb, of Glasgow, made some machines for mortising 
and tenoning. In their machine the mortising tool 
was held in a spindle tith'd in a small frame formed 
witli slides, and working in vertical guides. A recip¬ 
rocating motion was given to this frame by an eccenfric 
moveraeiil oveidioad. The eccentric shaft was parried 
l)y a tVame having a vertical traverse nw>venient; .ind 
by means of a foot lever, which was oonnecti'd to the 
frame by a rod, the mortising tool cauld be bronj;hi 
deeper into Uie w'ood, us rcMpiired. The gpindle carry¬ 
ing the morticing tool had upon it a iiiniou in gear 
with a short rack*working in a slot acfoss the^’rame ; a 
pin carrying a friction pulley was titted to the back of 
the rack, and projiicled through the s'ot. This friction 
pulley acted on a transverse sliding piece, by which the 
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tiiortisiiig tool was ,voverso|l wl'ien required, without 
stopping the luachirt^ 

Mr. II. B. Sinitl'^, of Lowell, Mifcsachusetts, U.S.A., 
ill the same year patented a plan for reversing mortising 
chisels hi- the foot. A grooved pnllc 3 ; was fitted to the 
chisel bar; round’thi^ pulley ran "a gut band; this band 
was prevented from reversing the chifiel by a stop 
piece; a motion of the foot, however, released the stop 
pieor3, and allowed the chisel bar to make just one half^ 
turn,’thus reversing the chisel without stopping the 
machine. A noW form of niachiue for mortising blind 
slats was also invented by Mr. Smith, who arranged 
the chisels to work by means of a scrie.s of cams on a 
revolving wheel. Two pieces of iron, of triangular 
section, were mounted in guides, and so arranged that 
together they fpnncd a prism of some 2,im h<'.s square, 
each half having a separate movement. In the ends of 
these sliding pieces were mounted chisels, the bevelled 
sides towards each other; these chisels enclosed the 
mortise between them ; and they could be made to any 
length or form desirable. The chisels were first driven 
singl}-, whieh marked out and sunk the mortise, and 
then simultaneously, which removed the ciye. The 
machyie was arranged to set to any angle and ;,o any 
distance desirsd between the slats, and to stop itself as 
each operation was completed. 

.Another .Aifierican, Mr.'B. 11. Otis, of S^tkcusc, 

New York, shout this tiijie also introifneed several 
. • . * ' • 
improvements into mortising machin‘'S, including a 

method.Af varying the stroke of tin' chisel bv a kind 

of link motion, wli.ieh was derived from any point in a 

slotted lever. By mean.-jof a suitable bend in the shaft 

the link block ma)’ be pbieeil exaeth- in a line with its 
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axis, which position it iissunics jvlicn rulcascd by the 
workiiiiiti, iiiut the chisel is iinyi^diutely stopped. K 
novel device, il.ppli^llblo to (icadh^-niade machines, for 
relieving the foct ot the operatoi from the unjileasant 
jarring usually felt. wiV fitted to this machine. The 
treadle movement \va'^transmltt(|l tlfrjngh a tria/igular 
fi-ame or wedge piece, the obliquity of whi'ch was about 
(>qual to its angle of friction, so that little of the usual 
jarring (!onld be transmitted to the workman. 

Prior to and following our Exhibition of 18M con¬ 
siderable progre.ss )vas inadc in mortising machinery 
in this country as well as in America. In 1819 Mr. 
W. R. Douglas, of Inveralmond, Mid-Calder, designed 
a machine for mortising, tenoning, boring, and ripping 
timber. The mtirtising was done Jl)y means of a 
whe('l and dpuble crank, connected Jo a cross head, 
to which the chisel was fixed. The wood was passed 
beneath the chisel between two guides, one hxed and 
the other movable, to suit diflerent thicknesses. 

To cut tenons, the mortising chisel was removed, 
and a frame containing two saws was (ixed to the cross 
heail. On the driving shaft was fixed iwi eccentric, 
whicli (ninimunicated motiim to a ratchet wheel, which 
fed tie wood bem>ath the saws. The ripping ij,iw was 
driven by a large fly wheel. 

In the year If^o2 Thomas (luild, an American, 
intrwduced several very important iiftprovements ,into 
recijirocatiflg mortising^i»achim‘s, notably an an-ange- 
ment for graduating the stroke of the chisel* by means 
of a treadle, which set it in motidii, and "Ijy the aid 
of a rod and links controlled its styokc'. Py another nr- 
rangeimiiit this machine was, enabled to cut a mortise 
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Although certain modifications h'ave from time to time 
been introduced injio it; it has substantially held its 
own to the present 'day as the most advancetl machine 
of its class. 

In 1893 Varrall patented form of mortise chisel 
in which a small .doable-pointed'tootli was centred in 
a. recess, and arranged so as to project only as the chisel 
rose, thus drawing the cjjips out with it; this plan is, 
howgver, csilculated easily to get otit of order, and biis 
never, been much used. About this time also a chisel 
having serrated‘edges and a birJ’s-moutli point was 
jjatented by a Mr. Meyer. 

Li 1854 Mr. Adancourt, an American engineer, de¬ 
signed for use in mortising and boring machines a some¬ 
what novel form of e.xpanding boring bit, by means of 
which conical holes conld be bored any desired depth, 
and the chips removed without boring right through 
the wood. In making it a bit or auger was formed in 
the usual manner, and then divided longitudinally into 
two unequal part.s, the tfiieker section btnng formed 
with the entering centre of the bit, whilst the other 
was sprung, outwards, as far as was necessary for the 
-widest hole intended to be cut. An open collar was 
then fitted over the shank of the bit, so as to press the 
spring side sec.tion against the centre. The frame or 
eollar-pie<’e consisted of a pair of solid disc collars, con¬ 
nected by two inclined side arms, the propelling ppiitts 
of which extended down to the cutting poiiiba of the bit. 
When the bit was in' operation, these points restoil 
against th» material being bored, and a's the boring pro- 
eeede<l 4 he collar frame was gradually pn.slied upwards, 
thu.s releasing the spring section of the bit and giving it 
lin expanding width for the formation of a conical hole. 
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In our InternatioiKil Exliibiti(jii of 1862 a nvfmber 
of mortising machines were Messrs. Green¬ 

wood and’Batley, of Leeds, oxliibited a well-designed 
machine, fitted with a graduated stroke, worked by a 
treadle arrangement, ^’he chi.^el was reversed by a 
hand lever, and kef)!" in positio'j by a spring (atch. 
The table carrying the wood had lateral and transverse 
movements, and was fitted with trunnions, which could 
be set to angle for bfevel mortising. 

Messrs. Robinson and Sons, of Rochdale, exhibited 
a machine fitted with a vertical ami* horizontal sell- 
acting feed. The horizontal transverse feed was worked 
by a cam and ratchet motion. The vertical or descend¬ 
ing feed was effected by means of a revolving screw, 
with a fixed l)ea];ing within the clusel bar, working 
throiiirh a nut in the stud, bv which fhe chisel bar was 
driven. The screw was made to revolve by Ix'vel gear 
froiii the crank shaft, and descending through the nut, 
earrieil the ohi.sel bar with it, thus giving the descend¬ 
ing feed. ‘ 

The machines shown by the French engineers con¬ 
trasted consideralily with the English exhibits, being, 
without exception, eonstnicted <,m the rotary principle. 
^I. I'erin, of Paris, exhibited a traversing tnorlising 
machine. The mortise was formed b\; a traversing 
rotary cutter, w'orking from a horizoiBtal spindle. The 
cutter Used for deep mortises was a J<ind of double 

• ^ ^ ^ t 

gouge, with*culling c-Jge.s for peiietratjon. and two 
bfiigitudinal mitting edges for traversing. FoV shallow 
mortises a double cutter was used, ^tted te a steel 
spindle. (>11 this spindle tsvo helical threafls. were 
cut, by which the chips were removed. The spindle 
was littetf in a movable traversing frame, which car- 
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ried also a cuttor fof squaring out tlic ends of tlio 
mortise. 

MM. Dei ■iiiev and Arbey, oi Paris, sliowed a wooden- 
IVained maeliine, in which the ;;ouge or cutter, which 
worked horizontally, w;^ of S({me\vhat peculiar form. 
In appearaiicc it similar t(^ an, ordinary gouge, 
with a web at its extremity, subtendiifg like arc like a 
segment of a circle; it was fojmd to penetrate well, and 
readily cleaned itsidf. A double-ended square clysel, 
squared at both edges, with two inclined surfai:es vieet- 
ing at the middle, was used for squaring the ends of the 
mortises, which it did without reversing. 

M. Zimmermann, of Chemnitz, e*hibited a rotary 
mortising machine, the cutler of which was traverised 
bv hand, but it possessed no special feature of novelty. 

Following our Kxhibition of 1802, improvements in 
mortising tmufliinorv were made by Barton, McDowall, 
Wilson, and others, lii Midlowall’s machinos’a chisel 
with a serrated back is used, by which plan the saving 
of a considerable amount of*tiine is claimed, end also 
that the core is withdrawn tit every stroke of the chisel, 
and prcventeil from jamming itself into a coiqpact mass, 
which oftentimes bends or breaks the tool, and causes 
considenflile trouble in rcmoviil. 

P*. 2-1 represents a coml.ined chain aiql Imllow chisel 
mortising machine, by W. B. Haigh, (inibau .and t'o., 
Limited. 

Tfie niai» frame is of extra heavy design, and flie 
machine is afrangcd witft compound taiife, fitted with 
patent epioyelie gwr. 

The mak(‘rs claim the following features in eobtv'ction 
with their chain mortising machines;'— 

There’is an entire absence*of comjilicated mule or 
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jixjkcv pulley ariang^mcnts on account of the epicyelie 
drive, the pulleys remaining always in the same position. 

The chain and '(lollow chisel c&n to worked quite 
independently of eacli other, and both levers are operated 
by the right hand. 

Tjie machine^takes up less iloot ^pace than any other 
similar type'machine. 

The machine is fittedi with an automatic fan which 
cle.vs the chipping and enables the‘lines to be followed, 
and will take in timbei- up to 12 inches deep by 9 inches 
wide, and will cift mortises from J inch by J inch up to 
2 inches by 1J inches wide, .and inches to G inches deep 
can l)c cut and finished at one stroke. 

'The hollow chisel and bit will make mortises from 
i inch to 1 inch square. , 

t'-hain and hollow chisel mortising machines have lieen 
largely introduced of late years and have met with much 
success,'ihe work Iieing rapid and clean, and the power 
required to ilrive. small. 

The chain cutters arc dtiven by a .sprocket wheel, and 
rim over a gnide-Kir which is fitted with an anti-friction 
roller at its lower end. The revolving cutters arc brought 
dn\vn into the wood by a lever or treadle, and when 
correctly shaqiened cut a clean mortise without sjilinter- 
ing> no Ixiring pr (.ore-chvining being required. 

it need hardly be said tliat thesnewssof thc.'-eniiwdiincs 
very largely <lepcnd.s on the quality of the ni.ilerial and 
Ih.^ accuracy of tlie work in the chain and evtters, and in 
the way they are shariiened ami kept to their original cut¬ 
ting angbi In working these machines it is very im|)ortant 
that tl('*piii[«-r size and width of sprocket for the mortise 
to be cut is useil. the"chain should be amply lubricated, and 
never forced into the wood or Ixjnt sideways. 
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In the Paris Int^national Exhibition, 1878, several 
mortising machines were (^chil)it^,,but none possessing 
any striking Ibature of novelty. Messrs. Itobinsou ami 
Son, of Eochdaie, showed a eotuparl little eonibiued 
rotary moi-tising and ]|laning,iiiaihine. The planing 
table wtis arranged He rise and ^11, *ind the wood was 
passed over the eattling iron. For slot mortising tlnj 
wood was brought^ rapidly uijto tin, cutter by a quick- 
threaded screw. 

Wc noticed one Englisli firm of some staiidiirg ex¬ 
hibited a mortising machine with a positive stroke— 
that is, the chisel is driven to the bottom of the 
mortise at the first blow, a plan in every way objection¬ 
able, but this may be cited as an example of the co!i- 
servatism that ejists amongst some^engineers even of 
the present day. Messre. Gibson, of Jonsered, Sweden, 
exhibited a machine constructed after flie American, or 
what is known as ‘Guild’s patent.’ In this*class of 
machine the chisel is stopped and started by a twadle 
. movement. 
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CHAPTER XVn. 

8TFAH WOHTISINti AXU JWElsra MAOHINKS— contimml. 

Although inortinitiy; luacliiiios iiuy lx* classified under 
two heads, reoiprocatiu^ and roturv, these motions are 
subjected to many modifications or siiniingements 
adapted to ditt'ercnt or special classes of work. It wa.s 
the practice in this country for some years to construct 
reciprocating macliines with a ]iosifive blow—that is, 
the chisel was allowed to plunge into the wood the full 
depth of the mortise at the first stroke, thus, in hard 
wood especially, causing an midiie strain on the ma¬ 
chine, breakage to chisels,* ami other evils. 'J'hi-. |)lan 
has very generally liecn modilied, or altogether aban¬ 
doned. For door sashes and such like light work, perhaps 
the most sim]de and convenient form to construct a 
machine is so to arrange the chisel bar that' it has a 
po-dtive and eieitinuous motion, and the wood that it 
can, by the foot or other means, be rai.scd grmlually U[i 
to receiv'' the action of the chisel. Jly this plan the 
chisel is allowed to enter ihe wood by degrees, working 
deeper ar.d ifeejicr at each .s'troke, ami the jar and 
conciissiop laeforc spokipi of are doiiT away with. It 
also lpi.I the additional a<lvantage of simplicity, and 
can wifely Ik; driven at a higher rate of sjieed. The 
table carrying the wood should be arrangi.-d to angle in 
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either direction for *bovel mortising, and to travel 
laterally under the chisel—a jind pinion is a con¬ 

venient nJotiou. Fhr light niortisijSgw the wood is often 
not clamped, but fed to the cLisel 1 y hand. 

In some of ^the A|nerlcaii mortising machines— 
which, on the waoli, may be saut to be in advajice of 
ours—we hav^ seen a novel form of compound treadle 
arranged to produce a varying throw of the table, as 
•the change of work or depth of mortise may render 
necessary. An additional advantage in this treadle is 
that, though the machine may be run'at a high speed, 
little vibration is felt by the operator. In -a large 
number of the American machine® the chisel bar is 
arranged with a graduated stroke. This motion is 
obtained by lei^heuing the coupection from thft. 
eccentric to the chisel bar, starting fiym a still point 
above the extreme upper throw. This form, although 
possessing several advantages for the heavier classes of 
work, is considerably more complicated and less durable 
than the machine in which the crank shaft has a fixed 
position. In all machines a separate, vertical boring 
spindle should be provided, of suflicient range to reach 
tlie bottom of the deepest mortise. The centre of Ihe 
boriii^ bit should be exactly in a line with the .centre 
of the chisel, so that after a cleai-ance. hole has been 
bored in the wood, it has only to be moved laterally to 
bring it directly under the chisel’s notion. In gradu¬ 
ated-stroke •^uachines thj table carryipg the wood, 
Hi addition to lateral and traiisvei'se adjustments, 
should be arranged to rise and fait to suit difierent 
•thicknesses. 

I'or mortising wheel stocks a separate slide must be 
provided, fitted with chuchs or centres, to take the 



i<)4 WQODAV'ORKtNO MACHINERY. 

place of the ordiiian; table, aiitl 'the stock is held be¬ 
tween them. A dividing or index plate should lie 
’attached to oik; of'the centres, anti so arrnflged that 
any number of mortises can be cut in the stock without 
the necessity of marking out. ^'he length of the mor¬ 
tises jan be re^’ilatti.1 by stops^'oh otherwise. As a 
certain amount of angle, or ' dish,’ is req'iured in these 
mortises, the table canying the centres must be 
arranged to cant. 

Another form of machine, of American origin, hut 
tirst made in this country some five-and-twenty yeai's 
ago, is arranged with the chisel bar, crank shaft and 
its connections, fitted on a slide; and they are all 
brought down to the work by a connecting rod and 
jjounter-weighted ,treadle, thus enabling the chisel to 
enter the wood jjradnally. When the foot of tlie opera¬ 
tor is removed from the connter-weigliled treadle, the 
slide and chisel will rise from the work. This form of 
machine can only bo recommended for the lighter class 
of mortising, a.s for the heaviest railway and other 
work the vibration is found to lie e.xcessive. 

We have seen some well-arnuiged machines of this 
class made by Messre. C. B. Rogers and Co,, of Norwich, 
Conn.,.U.S.A., whose patent, we hdieve, it originally 
was. Their method of reversing the chisel deserves no¬ 
tice. When one end of a mortise is completed, the 
Operator removes his foot from the counter-weighted 
treadle, the cljisel slide rises, ami the chml is reversed 
by a worm on the chisel bar; it i.s then Insught dowlfi 
again into action , and the mortise is dbmpleted. 

Li« mortising machines for tlu' heaviest class of' 
work the Imring spindle ctin with advantage, in addi¬ 
tion to its ordinary boring operations, be arranged for 
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slot mortising. This* can be secjfretV by mounting the 
spindle in a bracket sliding trapfwsrsely on the face of 
the main* column 6 f the machine,*a«id motion can be' 
imparted to thisf bracket by a.i ailj jstable crank driven 
from a countershaft. 

Machines are ad^etimes clnstructed whe^e the 
stroke of the.chisel is governed by a variable eccentric, 
which increases or diminishes the throw in either direc¬ 
tion ; but, except for very special puqmscs, these, caving 
to the increased vibration and consequent wear, cannot 
be recommended. 

Having discussed briefly the various forms of mor¬ 
tising machines with a reciprocating motion, which, by 
the way, must be considered by far the most important 
class, we conclude our notice with,a few remarks o^i 
rotary machines. The principle of jutting mortises 
with a rotary bit or cutter (invented and described by 
Bentham, 1793) has the great advantage of simplicity, 
but has the disadvantage of leaving the ends of the 
mortise round and not square, as in the re :iprocating 
machines; but when used for chair-maker’s work, 
imsts, &c., wliere a round-headed mortise ds no detri¬ 
ment, ijjlias many advantages. Amongst others it can 
easily bo applied and worked in conjunction wjtli saw 
benches, tenoning, and other machines possessing hori¬ 
zontal spindles running at a suflieiently higli rate of 
speed. For chair or other work where a largo nuiijber 
of duplicati* jjieces are required, it is mqph more expe- 
(litious than a machine with a reciprocating motion, 
and can readily be applied to oither«curved »r straight 
work. In saw benches and machines with spiadles in 
a fixed jiosition the wood i,s usually cramped on a 
slidt', which receives a. transverse motion from a hauiT 
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lever. It is fed forward to the mortising' auger by a 
hand wheel and scran^ or. ot'iier suitable means. This 
slide or table is madf to rise and faB, and is fitted with 
adjustable stops, which accurately gunge the length 
and depth of the mortis. Thjs arrangement is found 
very |erviceable for inany kind^'of rough mortising, 
such as posts for fencing, hurdles, &c. , 

Rotary or, as they arft sometimes called, slot mor¬ 
tising machines are often used for mortising the heavier 
class of railwaj'-waggon and other work. The wood is 
usually cramped “firmly on a travelling carriage or bed 
with a self-acting motion. The spindle carrying the 
mortising auger is moimted in a slide having vertical 
and transverse movements, and is brought to the work 

a lever. The ilppth of the mortis^ is regulated by 
stops on the slide frame, and the length Ijy stops on the 
travelling carriage. 

Some' years back a Mr. Lemmans, an American, 
designed and patented a very complete rotary mortising 
and boring machine, especially adapted for chair work, 
either straight or curved. One ,end of the spindle car¬ 
rying the mortising auger moved in a ball-and-socket 
joint, which allowed the spindle to revolve,,and the 
vibrati]tg end to be moved in any desired direction By 
means of a curbed bar upon which the movable end of 
the boring spindle slides, eilher curved or straight 
moj^ises could be produced. When the curved bar is 
placed horizonfaily, the mortjses arc straigjlW, but when 
inclinefl t<5 the perpendicular they are curved. An ad¬ 
justable evank ami connecting rod served to regulate 
the traverse of the niortising auger. The table on 
which the wood is cramped is moved by a Ipver and 
rack and pinion, by which the depth of the mortise can 
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be regulated; and tl*e table is ^so raised or lowered 
by a hand wheel and screw, to.suij the different positions 
of the metises. Wlien a nmabiTj'of small mortises in 
hard wood are ‘required, mortisi rg machines on the 
rotary principle ^shouldjbe adqpted, as being more ex¬ 
peditious and easier tjf mauageiionfr than the recipro¬ 
cating machines, as in these eomideralrle inconvenience 
is caused from the bending of narrow chisels, the diffi¬ 
culty of removing t'fie core in deep mortises, &c. . 

A convenient form of machine for this class of work 
is one in which the revolving auger S made to have a 
traversing movement, by means of an adjustable crank, 
the wood being stationary. By this plan no difficulty 
is found in removing the core even from the deepest 
mortises. Arrangements should be, added to vary the 
speed of the piortising auger, according to the nature 
or quality of the wood being operated on. 

For boring and mortising blind stiles, &c* Mes.srs. 
J. A. Fay and Co., of Cincinnati, United States of Ame¬ 
rica, have introduced an ingenious machine. The stiles 
are mortised or bored in pairs. The boring spindles 
are worked by means of a cam, which, after each ope¬ 
ration ^ completed, retunis to its original position, 
rcac^ for the next pair of stiles. The depth,of the 
mortises is regulated by a veidical adjiistment of.the 
spindles, and the disfeinces between the mortises by a 
raek,to which the spindles are attaclwid. They can be 
cut at an atigle, if desired. The stiles gre held tirmly 
whilst being worked, bul are released and fed forward 
as required by d self-acting feed, .v^ich critinps them 
again as before. In France the great majority of the 
mortising machines are on the rotary principle; a 
simple hf^llow bit is used, and the round ends of tht? 
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mortise we afterward# squared by a double-faced diisel. 
Macbines adupted foij bcuring only are constructed in 
endless variety, aoec^’diug to the niituro anif quantity 
of the work to be performed. 

The ojioration of boring hoi* in wopd by tncchauical 
mean^ is doubtless vei^ ancient, l^lit when the first com- 
liination that may be dignifi('d by the nama of ‘ machine’ 
was first constructed we have no record to show. Sir 
Samuel Bentham’s oft-quoted patenf specification (1793) 
contains a long description of tools and appliances for 
boring wood, iiiMnding most of the ordinary boring 
tools now used. Before the introduction of iron pipes 
for carrying water, wooden pij>os were used, and these, 
it seems, were bored by machinery. Helidor speaks of 
niacbiue for this, purpose, where the tree to be bored 
was securely fixe^d on a travelling carria}^'. A vertical 
shaft, put in motion I'y a water wheel, is made to give 
rotary nlotion to a horizontal shaft, carrying at its 
extremity an auger. Jlotion was also given to a drag 
wheel, the roj»e on wbicli was attached l<i the travelling 
carriage bearing the tree, so that as the borer cut its 
way the trawdling carriage was gi-adually drawn towards 
its work till the hole was cut through. The pnrriage 
was no,w run back, and a larger auger introduceil till 
the hole attained the requisiti- (iianieler. By anotlu'r 
plan the tree was iiiiide to revolve. 

^ Mr. Murdork, in 1810, took out a patent for an 
improved mactini? for formii)g^wo(slen or^Aone pi|)e.s. 
For boring wood he employed a hollow cylinder, fitted 
at its extremity wlh a circular trepanning saw. The 
tree- wsw placed vertycally alsive the cyliuder to admit 
of the ilust falling out of^the saw kerf as the operation 
’prweeded. The boring cylinder was given^a rotary 
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motion by meauH of rope g^r worbpcl by manual labour, 
and as the saw cut its way thn core* entered the hollow 
of the cylinder whofe, thus wastiiigrlittle material. 

The general *form of machine at present in use is 
too well knpwn t© need hiuch Aeacription. For special 
purposes, such as boiVg dowel ifoleS jn chair fmmes, 
or where a large quantity of similar wort has to be* 
performed, especial means inuSt be adopted. For chair 
work the writer can confidently recommend the foltow- 
ing plan:—In a circular frame or pulley mount liori- 
Kontally two or more boring spindles, in arms swinging 
radially from a centre spindle. These arms must be 
capable of being moved round, and fixed to any part of 
the circumference of the circular frame, according to 
the distance apart it is desired to here the holes. 
sliding table, with vertical and transverse movements, 
should be fitted horizontally beneath the boring bits, 
to carry the wood. Stops to regulate the depths of the 
holes can bo fitted to the table, and the whole, with fast 
and loose pulleys and countershaft, can be mounted on 
a suitable eoluimi. Should it be required to bore the 
boles at an upward or downward angle, tltfe tabic cgji 
be fitted»with a radial adjustment. For general pur- 
poscwvhi't is known as the Amerie.an screw anger is 
the most expeditions and reliable fonn of boring bit* to 
use. ■ . • 

In.designing mortising and boring thachines witl* a 
reciprocating ^novemeut jt.is important that the main 
column should be of sufficient strength to ovei'come 
the continuous vibration of the chisek The bpllow or 
‘cored’ patteni column, with an .extended bafse,-is 
undoubtedly the most .'..atisfqctory form. We need ^ 
hardly add that the workmanship must .necessarily be 
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of the very beat, this applying more eapecially to the 
machines constructed, with a graduated stroke, whose 
reciprocating paitsi should combine, in the greatest 
possible degree, lightness and streng<,h. In the gra¬ 
duating movement each part ihould Jxj hoped, turned, 
and compensated, or >,hi8 form of machine will be found 
.to deterioraw rapidly. 
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ten’oning machines. 

Moetisino and tenoning are so inseparably connected, 
as being together in fact the principal joint used in 
wood-working, that, following momsing, we naturallj’ 
discuss tenoning machines. The invention of a system 
or machine for cutting tenons otherwise than by han^ 
labour is generalfy attributed, and we believe correctly, 
to Sir Samuel*Bentham, in 1793 ; at any rate, there is 
no doubt that he was the inventor of the prtnciple of 
rotary cutters for working wood, and that about this 
time machines for forming tt'nons wei'e made and sup¬ 
plied to the Government of this counti’y. There is not, 
however, as" far as we are aware, any rf^pord of the 
system pursued, or whether the tenons were forifled 
with saws or cutters. Tenons were formerly cut by 
hancT, with what is known as a tenon §aw ; a plan of 
cutting them with an arrangement of reciprocating 
chisels seems to have been tried also, and abandoned, 
as .slow and uncertain. The machines ^at preseuf in 
a.se maybe divided intb thi’ee classses, as follows:— 
(I) Machines which form the tenons with cutters 
running parallel or vertical, and. working across pr with 
the grain of the wood. (2) Machines which form the 
tenons ^y an arrangement of saws. (:>) Machines in* 
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whicli {lio wood to h§ tenoned is held vertically, and 
passed between circular cutler discs or saws. These 
three principles a>-e,jhowever, often combineu or modi¬ 
fied, to suit special requirements. 

Class No. 1, with, cutters, working parallel and 
across the gr.iin cf the wood, is ^ the most simple and 
generally adopted system for all ordinary classes of 
work. Ill these machines two or more cutter-block 
spindles, revolving at a high speed, are mounted in 
sliding brackets, having vertical screw adjustments, 
which can be worked either indeiieiidently or simulta¬ 
neously, upon the face of an upright column., Some¬ 
times the upper cutter-block spindle is furni.shed with 
a lateral movement in addition, to enable it to cut one 
shoulder of a tenon longer than the other, if wished. 
The wood to be tenoned is cramped on a travelling 
table having a transvt'rae niovcuient, but working 
parallel lO the centre of rotation of the cutter blocks. 
This travelling table is usually moniited on friction 
pulleys, running in V-shaped guides, and. except in the 
heaviest machines, which are fitted with a self-acting 
motion, is iravci-sed to aud fro by hanil. The ads*; 
iro'ns or euttiTs are tlat, and are arranged at an angle 
on the blocks which gm>s a kind (d' shearing cut;, seg¬ 
ments of saws .or lancets are fitted at right angles to 
the block, for eutting the sb<iulder.s of the tenon. For 
cutting double tenons a vertical spimlle, fitted with a 
‘drunken’ savj or entter disc, is provided- fur seribin^ 
the shouhlers. in lien of the saw, a suitable entter 
disc or bl<Jck is siijjstituted. The cntter-bloek spindles 
are driyen by an ‘ iu-aiid-ont ’ belt, which pa.ssi's over 
an idle tight*-ning pulley, which can l>e mljust^d to any 
retjuireHl dt-gree ()f tension by mean.'' of a pulley and 
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weighted rope or hand wheel luid^serew, thus securing' 
i, constant and uniform gi ip of tl^^- Jx-lt. 

For th8 heaviest*class of wort.^^uch as is used in 
the construction* of railway >\aggvnB, &o., which is 
sometimes too heavy tc* be trsyrersed readily past the 
cutter bloclis, a. plan O^ten pursuAl is to mount on a 
vertical spindj^ three iiuivable cutter blocks, whicli can. 
b’c adiusted to cut single or double tenons of any size. 
This cutter spindle it mounted on a travelling carrifige, 
and is made to traverse past the end of the timber, 
to be tenoned, which is earned on if suitable table, 
attached to the main frame of the machine. The 
timber, when under the action of the cutters, is cramp' d 
tightly against a fence, wdiich is arranged to cant for 
cutting diagonal tenons. 

After han^ liibour the first mecuanicai nnnmKi 
adopted in foi;ming tenons was by an arrangement of 
circular saws, working at right anglc.s to one‘another 

(Class 2), those running parallel to the grain of the 

wood cutting the side.'*, and fhose at right lugles the 
shoulders, of the tenon. The two saws cutting the 
sides of the' tenon arc of the Siimc diismeter and 
mountct^ on the same spindle, a collar being placed 
bet^en them to rcguliite the thickness of the tenon ; 
the saws forming the .shoulders are mounted on separate 
spindles, running at, right angles to the alx>ve. This 
method of cutting tenons has, howevei^ tilmost entirely 
given wayiiT/avonr of thc.rotary-cutter gystein, which 
produces a liighcr class of work at a grearcr speed, 
and is much ea.si?r of adjustment tori speciat^urix)3es. 
For cutting simple tenons on a rieing spindle saw.beuck 
it is, however, of value, and^sonie Fn.andi engineers 
eVbu now construct niacliines on this system; but foi 
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what reason this conservatism eiists we are at a loss 
to see. For cutting r/)und or oval tenons, such as are 
used for the spokos of wheels, blind slats, &c', the plan 
lulopted in America is to carry the cutter head round 
the piece to be teuoned,^or to njake it_^rotate against a 
revolving cutter-bloch. Tenoning machines, working 
with rotary eutters, similar to those noNjf in use, were 
lirst made in America—afe any rate, in any numbers— 
by tlje late Mr. J. A. Fay—originator of the well-known 
firm of that name now trading at Cincinnati, U.S.A.— 
in the year 1840, or thereabouts. The framings of 
these machines were of wood ; they were well designed 
and constructed, had most of the adjustments as now 
in use, and are reported to have turned out a large 
amount of e.'ceelleiit work ; in fact, it, may be said that 
of all the wood-working machines those, since their 
first introductimi, have received less alti'.^Uion in their 
general design and functions than any other. Of course 
various minor modifications and impiovemetits have 
l)een inlrodnoed from tini'e to time, as experience or 
necessity ha.s dictated ; but the inventor or designer of 
a machine fi>r so important an operation in wo(>d-work- 
iiii} as tenoning, that has stood the test of a long 
series of yeaw without any im{)ortjint atteratiou,,"ui8t 
!iuv<; Iss'u a mini of no mean talent, especially when we 
consider the many thousands of machines that have 
during these years been ciinstructed on this principle. 

One of thpse wooden-fratnod machines' was sho^fn 
in London, at our International E.xhibition of 1851*; 
it was copied by (levcral English firnis, and has been 
manufactured e.\tensivoly ever since. 

fii our International Exhibition of I8ti2 several 
•tenoning raaebines were exhibited, but none iiossesaii'ig 
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ftny special feature of* novelty. N heavy tenoning ma¬ 
chine shown by Powis, Jtfmes, an^ Go., London, was 
fitted with a self-a*tiiig table, whielj, after the tenon 
was formed, waij, by means of a '■hitch coupling, re¬ 
versed at double speedy In the machine exhibited by 
Robinson ahd S<..j, of Rochdale, thi* cujtters were tvfisted 
obliquely, and so screwed to the block.* 

MM. Benner and Arbey, ^aris, showed a machine 
'in which the cutter# revolved at right angles to^the 
wood, and with the grain—the reverse of the general 
English method, which works across tl*8 grain. 

About the year 1866 Powis, James, and Co., 
of London, introduced an improved tenoning and 
cross-cutting machine, especially adapted for cutting 
single or double tenons oii the diagonals, sides, and 
bearers of railway waggons, and similar work. The 
table carrying'the timber had a self-*.cting traverse 
motion, and was constructed to carry four wag^ii sole- 
plates at once. It was also arranged with a circular 
swivelling motion, so that when the one end of the 
timber had passed through the cutters, the table was 
swivelled round, and the other end subje(jjted to the 
same operation on its return motion. A circular cross¬ 
cutting ffllw was mounted on a slide, fitted to .i separate 
eoluiTRi on the bed plate of the machine. ^This saw was 
arranged to cros,s-cut the pieces of timber being te¬ 
noned, thus bringing them all to one uniform length. 

A‘few y^ars since C. B. Rogers and Co., of Nor- 
ivich, U.S.A., patented sotne improvements in tenoning 
machines, consisting chiefly of a no7(^ form ({f adjust>- 
ing screws for regulating the qutter blocks an^ the 
thickness of the tenon. This screw is made hollow, 
and worked through a lock nuf at the top of the main 
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cohmin; it is attached to the tep cutter-block sliding 
■ brackets, and is operated bj* a hand wheel. Inside the 
hollow screw is jiWed another small screw., which is 
worked by a crank liaudle above the hpond wheel before 
spoken of; this smaller screv^, passes through a lock 
nut in the bottoui (j;itter-block .bracket. “By moving 
the crank kindle the lower cutfer block is moved, and 
the space between the b,locks is adjusted to suit the 
thicjrness of tenon; the bottom bek-nut now fastens- 
it in.position. By moving the hand wheel and hollow 
screw, both cutter blocks are moved at once, and can be 
iwljusted to any desired height above the table carrying 
the wood ; they are then fixed firmly in their position 
by means of the top lock-nut. If the two lock nuts 
are slackened, and the hand wheel turned, the upper 
cutter-block alone moves. The vertical scribing-spindle 
block, or ‘ cope'head,’ as it is called in America, moves 
with the horizontal cutter-blocks; but it can be ad¬ 
justed separately, if desired. The upper cutter-block 
slide has lateral adjustment for tenons with varying 
shoulders, and a pulley and weight are arranged to 
take up aptoraatically the slack of the driving belt. 
Ah apparatus for sotting the knives is also provided, ' 
and altogether this machine is of an advan'ced type, 
and has mud; to commend it in its general detafis'and 
convenience for working and adjusting. 

Amongst th^ tenoning machines adapted for special 
purposes ma^' be mentioned the Ameriep.n blind slat 
machine,* patented by a Mr.* Bllis. It is constructed 4o 
cut the (Jylindriijil tenons and shoulders on both ends 
of a blind slat at tinj same time. Two sets of small 
circular saws are' mounted on spindles running in 
brackets, each having ‘lateral adjustment. Fitted to 



TENONING MACHINES. 177 

« 

these brackets are tvfo revolving^ disc guides, slotted 
through their sides to receive,thi# Vhnd slats and feed 
them to fhe saws.* The slat l)jii^*niade to revolve, 
the periphery of»the saw always cuts from the edge of 
the slat to tlie centre, thus fencing a cylindrical tenon. 
It is adjustable to di%rent lengtlft ami widths of^slats, 
and the size of the tenon can be also varied. The slat^ 
are fed by hand. For the siwne purpose Messrs. J. A. 
Fay and Co., of Cincinnati, make a very comjilete 
machine, with a self-acting feed; it is a combination 
of the patents of Ellis and Bickford. * By sn arrange¬ 
ment of the saws, two tenons are cut and divided at 
one operation. A pressure on a treadle causes the slat— 
which is fed end-ways through rotating discs or chucks 
—to revolve, and .carries it to the ^ws; by releasin|r 
the treadle, thp slat is stopped and fed^to a gauge, and 
the driving belt is slackened, so as to slip and not drive. 
The plan of cutting tenons with circular saw^ or discs 
is generally conlitietl in this country to circular saw 
benches, or the class of coinbination machines known 
as general joiners. 

In designing tenoning machines with rotary cutters, 
care sh(j|uld be taken that the maiu column is of suTfi- 
cie^jt, strength to overcome the vibration of the .cutter 
blocks; a hollow or cored pattern is the best form. 
The table carrying the wood should also be east in one 
piece, and both column and table filed securely t^ a 
strong founfl^tion-plate. yho cutter blqfks and bear- 
mgs should have lateral and vertical adjustuient; they 
can be fi-ved in dbvetail elides, and a^usted laterally by 
a hand wheel and screw; these«stides should be scaled, 
so that slioulders of unequal length can be cut to any 
desired gauge. The adze bloelo should never be shifted' 
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Ml their spindles to effect this object, as the practice is 
both dangerous and uncertain. Che scribing spindles 
for cutting double tenons, &c., sho’Jd'have both lateral 
ind vertical adjifstinent. The cotters used should be 
3 f thin section, syid fixed at an ^ute angle. We have 
found cutters with a ^eel face aftd iVrought-iron,back 
hhe most suitable, and less liable to accident. The* 
[carriage carrying the wood, which is traversed by hand, 
should be very light, and run on grooved rollers werk- 
ing on V-shaped guides. It should be fitted with a 
straight fence bar, and a quadrant for bevelled shoulders, 
both accurately scaled. A sliding stop for setting out 
lengths should also be provided, with a suitable cramp, 
fitted with a quick-threaded screw for holding down the 
wood. As the c»t*ter-block spindles ^nd bearings am 
made movable, complete a nd uniform grip of the inter¬ 
laced driving-belt must be secured; a grooved pulley, 
with rope and weight, as it works automatically, is per¬ 
haps the most convenient and simple arrangement, and 
is generally to be found on the most advanced type of 
American machines; on these machines, too, an appa¬ 
ratus is provided for setting the knives. The driving 
pulleys igid belt should be made wider than is the prac- 
ticeii;"! nio.st machines, as tne cut taken is considerable. 
\Ye have found the belts known its ‘ Helvetia leather ’ 
are the best for this purpose, as they are tanned some¬ 
what j'ough 0)1 the surface, are vary pliable, and g»ip 
the face of tTi» pulleys well. The spindle* should bo of 
sJeel, the bearings adjustable, and made of a li.i,rd gun- 
metal or phosphoi bronze, and cave siould bt'.taken as 
to their lubrication. 

Fig. ^6 illustrates a builder’s tenoning machine hy 
.1. Sugar and Co., T.iinitcd, adapted for tgnoning, cross- 
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cutting, grooving, &p. It will' make single, double, 
unequal or angle tonious, and scribe tbe shoulders at 
the same operation, For oross-cuiting a circular saw 
is mounted on the top cutter spindle and the sliding 
table used in the usual, way. -When used for grooving, 
a solid or expanding*gvooving block is substituted for 
the saw. 

The. main frame of theanachiue is of solid construction 
to secure rigidity in working, and tSie cutter spindles are 
arranged to run in three seta of phosphor bronze bearings. 
In contra distinStiou to the usual practice, the traversing 
table carrying the wood is of heavy construction—instead 
of light—and is fitted with roller bearings to reduce the 
friction. 

The tenon cutter blocks carry fqjir straight knives 
which are arraiiged to make a shearing^cut and are so 
fixed on opposite sides of the block so as to divide the 

cut * 



CHAPTEI^j XIX. 

‘GKNKKAI. JOINEKS’ and combination MACUINMB. 

The combining of the functions of several machines 
into one, under the title of ‘ general or universal 
joiners,’ is of comparatively modem origin, and is more 
or less confined to this country, as we find very few 
machines of tliisoClass in use in Ajnerica or on the 
Continent, although it is doubtless preferable, where 
the machines can be fully and constantly employed, 
that they should bo styiarate and distinct; Rut as a 
large numbm' of the building establishments in this 
country arc not of sufficitiit extent to so profitably 
<'mploy them, a well-designed combined machine, per¬ 
forming a considerable range of work, and ^iroduced in 
the first instance at a moderate cost, cannot but be of 
cougiderable value. On the first introduction of ‘general 
joiners ’ they were very generally condemned, it being 
held that it was impossible to combine satisfactorily in 
one upichine so great a range of work. 'Dliis idea has ngw, 
however, beftk sutficiently jjisproved, altl^ough a large 
iftimbcr of engineering abortions tended for soihe time to 
throw discredit oR these very useful inachiuc^^ we re¬ 
member one production especially, made some years back 
by a firm^of repute. In this combination no less than 
five distinct machines were crowded togeUier on one bed 
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plate. As these necessarily ran at short centres, were 
inconvenient to wosH, and'- cost nearly as much as 
separate machines, v. e can hardly sefc what caif be urged 
in their favour. We need hardly remark that very few, 
if any, were made after the first one. We believe the 
first ‘general joiner’ t/as designed by a Mr. Whines, in 
the year 18.‘>8, and was made by the fii^m of Samuel 
Worssam and Co., of Lendon, wlio exhibited one of 
them in the International Exhibitton of 1862; it has, 
however, since then been imieh improved by various 
makers, and the’* range of its work extended. About 
this date also a Mr. Sketchley, of Weymouth, designed 
a light machine of a similar class, but they were not 
made in any great numbers. Mr. Thomas Ladyman, 
of Eoclidale, a few years since patented a compact little 
machine, fitted to a ‘ cored ’ pattern framing. Two 
tables are arranged to rise and fall independently, tlie 
one being ailupted for moulding and sawing, and the 
other fer boring and slot-mortising. Tlie saw table is 
arranged with a false top and stop piece for cross-' 
cutting and for boring endways. A slide is also fitted 
for turning circular mouldings, as in a lathe. The 
machine has four speeds, ranging from 488 to 2,250 
revolutions per minute, according to the work to be 
performed. Iji the year 1867 Mr. S. Worssam, of 
London, patented iJu improved general joiner. The 
improvements consisted, firstly, in the application to 
such machine^ of an apparatus whereby tenons may be 
completely cut in one traverse'of the wood, and also tht> 
application to su;h machines of an arrangement for 
producing larger and more perfect mouldings, and an 
improved arrangement foi’ squaring out the end of 
uioitises left of semicircular form. This machine, with 
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its various appliances', is capable performing nearly 
the whole of the ocerationti requy-ed in a joiner’s shop, 
including*sawing, paning, luAulding, tenoning, mortis¬ 
ing, boring, mitring, ehainfering,* beading, rebating, 
grooving, tongning, &c.. All these operations arc per¬ 
formed incfependently^of each otl*er, in* in conjunction. 
The planing,and moulding arc perfcrmed by totary 
cutters, a self-acting roller yfeed carrying the wooif 
beneath the cutters* Tlie speed of this feed can be 
gi-adnated to suit the nature of the wood b(!ing opei'ated 
on. Tenons are formed either with tireular saws or 
rotary cutters, iis may be desired. The wood is held in 
a vertical position by a suitable cramp. The mortising 
is performed by a rotai’y auger, the wood being traversed 
up to it by a han^ lever; the lengths and depths of the 
mortise are re^uhited by stops. Cmwed mouldings alfe 
worked on a separate vertical spiiidl?. A traversing 
plate for cross-cutting, squaring, mitring, itc.fis fitted 
to the saw table, and altogether this machine must be 
pronounced one of tlie most l•fficient of its ciass, 

Fig. 26 illustrates a combination machine or com¬ 
plete joiner *by A. Ibinsome and (Jo. Tamited, .and is 
designed for ii.se in establishments where there* is 
insuffici'mt work for separate machines. It is adapted 
for sawing, planing, monlding, cirenjar mohlding, 
grooving, tenoning, morti.sing, lioring, .and dove-tailing. 

The saw table is arranged to rise and f.all for grooving, 
rebating, d’a»,,and is fitted with an angling fence wffieh 
Can be turned over out o^ the way for cru.*s-cutting. 

The planing and mouhling apparatus can ho worked 
separately. Tlie. top and bottqjn cuttcr-bloi?!? spindles 
arc supported by boarings on e.uih Side and the wood is 
ted throflgh the machine by a ^lair of driven feed rollers • 
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the top feed roller is arranged t« rise and fall to suit 
irregularities in the wjod. She bottom cutter block for 
planing is mounteij pn a fiioval)le sl/de to penmit of the 
easy adjustment of cfitters. 

Tenons are formed by ineang of cutters, and double 
tenons can bo worjjed, and the shouldcVs scrfbcd at one 
operation by.cutlor discs mounted^ on one «f the vertical 
cutter spindles. Boring ,and slot morti.sing are per¬ 
formed by means of angers screwediinto the end of the 
planipg block spindles. 

Amongst eoiebination machines, although differing 
essentially front the English general joiner.s, must Ire 
mentioned the American machine known as Climer 
and Riley’s patent universal wood-worker. It par¬ 
takes chiefly of the character of an outside cutter, 
nr../ulding and planing machine, with e.xtended spindles 
and cutter blocks', with two tables arranged with vertical 
and lateijil adjustments on either side of the machine. 
The li'ame of the machine is cast in one piece, and the 
main cutter-block S]nndle ir fitted with outside movable 
self-oiling bearings, and divided in the centre so that by 
means of a double friction pulley on the countershaft which 
carries twobLdts the ends of the spindle may be started or 
stopped separately or simultaneously, as may be required. 
The machine is arranged to operate on four sides off the 
wood at once, and the vertical side-spindles have vertical 
and lateral adjustments. The top cntter-block is ar¬ 
ranged to be set to different angles, ami all eptter blocks 
are made ,mo>^ible, and can 'be n.'placed by tenoning, 
rebating, panel-raising, matching, grgoving, or other 
irons, aco/rding to^the work to be performed. A ripping 
or cross-cutting saw can also be substituted for the 
.cutterblock, which, with the aid of an adjustable fence, 
converts the one side of the machine into a saw bench 
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It is also an’anged for boring and slot-mortising, wave 
and circular moulding. 'Uhe wh^e of these operations 
can be j^erforraedV by one <ioriz^^al spindle, with 
different arrangement of tables, cufter blocks, or fences, 
according to the work tj be carried out. 

In designing ^ general joiner *or gther combination 
machine, the great point to aim at is simplicity bf the • 
mechanical arrangements, combined with ready adapta¬ 
bility to the various work to be performed, the whole 
being under the easy control of the op'erator. Mistakes 
have often been made in constracting tlfe geneml details 
of too complicated a character, so that even when 
efficiency of production is attained it is more or less 
neutralised by the first cost, cost of working, keeping 
in repair, and the amount of skill required to operate. 
Some designers also strive to give their productions t8o 
wide a field of Operation, losing sight oT the fact that a 
moderate range of work, rapidly and accurately per¬ 
formed, must be held to be in every way better, and 
commercially more economioal, than a greater variety 
of work indifferently turned out. By some engineers 
various appliances for joinery purposes have^been added 
to the ordinary rising-spindle circular-saw bench. The 
planing Is generally performed by means of a cast-iron 
disc7 fitted with suitable cutters, which project slightly 
beyond the face of the disc. This disc takes the place 
of the circular saw, and the wood is fed by hand between 
its face and,^at of the fence plate. For squaring*up 
and rough planing, this‘plan may bo ot some value, 
but for a finer class of work it cannot^be recommended. 
Considerable skill and care is al^o necessary nl operat¬ 
ing, as the cutters require to be very finely sharpened and 
adju6ted,*or the work turned hut is of n very inferior ■ 
quality. 
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OHAFrER XX. 

i' 

DOVK-TAILING MACHINES. 

The important oyenitiou ill joinery known as ‘dove-tail 
jointing ’ has for many yoai's afforded ample scope for 
inventive genius. Numerous attempts to perform this 
operation by mechanical means have been made, but, 
with one or two exceptions, with scanty success. Dove¬ 
tailing with conical cutters was invented by Sir Samuel 
Bentham in 17'jd, Since that time numbers of ma¬ 
chines have been introduced, but most of them have 
failed, either from inequality of wear in the cutters pro¬ 
ducing misfits in the wooden joint, from complexity 
of the details of the machine, diBiculty of adjustment, 
or roughness of the work turned out. 

About the year 1856 a Mr. Wimshurst took out a 
patent for dove-tailing with a series of cutters, the wood 
being brought up to the cutters from below. About the 
same time, too, a Mr. Burley took out a patent for a 
machine for cutting dove-tails by means of a series of 
reciprocating chisels, the wood being fl.T,ed on an ad¬ 
justable bed, which could Iw inclined in either direction. 
The dove-tail ‘ pin,’ was formed in two'cuts, the adjust¬ 
able bed'being inclined in the opposite direction after 
each cut was made. The ‘ dove-tails ’ were formcil by 
a series of saws of varying diameters, the smaller saws 
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being placed at cither end and ^jjvolving on the same 
axis; two tables, set at all augie.to each other and 
below the‘saws, carried the il’ood.^* fhese tables were 
arranged with a vertical motion, and the wood was 
brought nji^to thj saws, which made an oblique cut; the 
wood was then plac^ on the Apposite table, and a 
second obliqua cut completed the ‘ dove-tail,’ the deptl^ 
of which was regulated by steps. 

The “Armstrong*’ dove-tailer, originally introduced 
into this country from America by Thomas Kobinson and 
Son, Limited, has never yet been surpassed for its exact 
work and high output. It is specially useful for all kinds 
of box making. See fig. 27. 

The machine is .semi-automatic, and very simple to 
operate. The en^j^e dove-tail is sawn out by the machine, 
and forms a ven' close and strong joint when put together. 
The tiiiiiier is cramped on a planed table, which is 
traversed to and fro past the saws hy meaitls of two 
screws, one of which moves the table forward, the other 
returning it at an accelerawid speed. Both motions are 
controlled by a conveniently placed hand lever. 

The tabfo on which the timber is,cramped iq 
adjustaVde for varying thicknesses of timber. The satvs 
which cat out the dove-tails are mounted on discs, geared 
together at an angle; these can be varied for cutting 
either the mortise or tenon dove-1.ail. The discs are 
graduated with figures, so that the position of the saw’s 
(am bo adjftiqfcd foi cutting tight or shjck dove-tails. 
Boards from J inch to l^'inches thhk can be dove-tailed 
on each size of thf, machine. The stainlard m.iehine cuts 
dove-tails 1 inch pitch, butmachijics with other sizes and 
pitches are oceasioufrily made. 

Various single or multiple* spindle-cutter automatic 
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dovetailing machines for cutting open or blind dovetails 
have also been intvoduoed. 

Some fourteen years iince Messrs. Greenwood and 
Batley, of Ijeeds, introduced a dove-tailing machine of 
American origin, which was arranged to work either by 
hand or steam power. The dove-tails were formed by a 
series of cutters or gouges, acting conseoutively, each 
taking a small cut; these cutters were held in stocks, 
and*were mounted in a movable slide, and traversed to 
the wood by a rack and pinion; no less than fourteen 
cutters were employed in this machine to make a perfect 
dove-tail. 

In the Paris International Exhibition in 1867 M. 
Zimmermann, of Chemnitz, showed a dove-tailing ma- 
ehine consisting of three horizonttil aJjustiiblo spindles 
mounted with cutters suitable to the dove-tail required. 
The wood was fixed in a vertical slide, and the counter¬ 
part cut by means of plain revolving disc?, the table 
being arranged to angle in either direction to produce 
on the wood the proper degree of bevel. 

In the year 1872 Mr. Tigho ITamilton, of Dublin, 
patented a "ories of improvements in inaebinery for 
cutting dove-tails. We illustrate in figs. 28 and 29 
luaohiiies of recent construction. 

These improvements, or we might more properly 
say inventions, possess very considerable originality of 
ideas. The dove tails and pins are cut by means of the 
j)eculiar motiqn imparted to an ordinary circular saw. 
The saw is mounted on a spindle, jiart of which is bunt 
at a such p. degree of obliquity to its central lino as is 
necessary to produce the angle of the dove-tails. This 
spindle is free to reciprocate as it rotates, and, the saw 
swings to and fro in planes passing through a vertical 
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diameter for cutting the tails, or|tlirough a horizontal 
diameter for cutting the ptns. iWiy sized dove-tails can 
be cut, tliis being efeected byUcansiB^the planes of the 
saw to intersect Jn other lines those that pass through 
the centro^of tt|) spincilo. Fig. 29 represents a front 
view of the machine, in whioh *tl* traverse of tfie head 
which carrieszthe saw is horizontal, \?hilst. that of tlie 
table which carries the boards is vertical. In fig. 28 
these motions are reversed, that of the head being 
vertical and the table horizontal. The plane of the 
saw is kept in any desired position *by menus of an 
adjustable guide plate. The machines under notice 
are constructed on truly scientific principles, are easy 
of management, and possess less of complication than 
others of the sai^e class, and, from their readiness of 
adaptation to varying sizes, spaces, and thicknesses’of 
dove-tails, should be of especial value in cabinet work, 
in which the changes are often numerous. 

Amongst numerous other machines designed to cut 
‘ dove-tails ’ by means of cctnical cutters may be men¬ 
tioned one designed by Mr. Eamsbottoin, late of Crewe. 
In this macTiine the cutter spindle is aigjauged to re¬ 
volve a long cast-iron socket. This socket works'in 
a slide fitted to a circular plate, attached to the main 
frame of the machine. The circular plfjte is arranged 
so as to be at right angles to th(? table while cutting 
the dove-tail, and can be set to any ^lesired angle for 
cutting the* j^ins. The cutter slide is Jirouglit to its 
work by a counterbalarfced treadle, and bw means of 
change wheels flove-tails of variou* sizes ^n be cut. 
Some years back a Mr. Evart#patented in iTmcrica a 
conical cutter maehine carrying a number of cutter 
spindles’driven by an interla*ced belt. These spindles* 
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were mounted in a fr^me having' vertical and diagonal 
movements, and wore'brought down to the work by a 
hand lever. Th^ great'objection'to this Mid other 
conical cutter machines, especially when carrying a 
number of spindles, is the extreme diffcnlty^ of keeping 
the various cutter? to One size, which, in actual practice, 
js found to be almost an impossibility, th; result being 
that the pins and dovc-tMls produceil are misfits. A 
macfiino, however, exhibited by Messrs. J. A. Fay and 
Co., of Cincinnati, U.S.A., at the Paris Exhibition, 
1878, claims to have got over this difficulty. It was 
patented by a Mr. Stengel early in 1878 j it is simple 
in its construction, and will cut a dove-tail in any kind 
of wood up to 1 j inch by 14 inches wide, cutting both 
side and front at the same time. The cnttcr-spindle 
frames are stationary; the .spindles revolve at high 
speeds, and can be adjusted laterally, to suit the depth 
of cut. The cutters are simple, are turned in a lathe, 
and always sharpened from the centre. Provision is 
also made for adjusting tnem, to compensate for any 
inequality of wear. A countershaft, fitted with cone 
pulleys fixed underneath the machine, drives the cutter 
spindles. The wood is fixed on a vertical and hori¬ 
zontal plate, and held fast by camb rollers. The ‘ pin ’ 
is cut on the horizontal table, and the ‘ dove-tail ’ on the 
finical table. A hd,nd lever moved up and down per¬ 
forms the operation, a slide moving forw.ard at each 
alternate motjon of the lev^T. The gnii.es .are so con¬ 
structed that after being started it cannot be moved 
backward^ at all,*uor forward more than the distance 
arrangeS. If this mf.chino proves itself capable of 
standing constant a ml'heavy work, it is a tool that is 
much needed hj- cabinetmakers and others who require a 
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macliine that is moderate in firfd ‘cost and easily ad¬ 
justable to cut dove-tails df v;irjln^ sizes and pitches. 
In 1873 Mr. Thonfas Hall. <|1' biojftl^ampton, U.S.A., 
patented an improved dove-tfiil joint, with machinery 
for making the s||nne. In 1867 a Mr. Ganz patented 
an improvfd method»of dove-taHiiig^ The invention 
consists ill i^ieratiug simultaneously up©n the two, 
boai'ds to be dove-tailed together, and in producing 
the ‘ pin ’ and ‘ dovetail ’ by the same action of on^ set 
of cutters. In this machine two discs, fitted with plain 
cutters, are mounted on separate spindles, but are 
geared together by bevel wheels, so as to revolve in 
two planes of the same angle as the dove-tails intended 
to be cut. The wood is placed on a travelling slide, 
working on a hori|jontal bed. 
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CHAPTEE XXI. 

VENEER-OUTTINO MiOHlNES. 

As tlio .supply 'of valnablp timber becomes more and 
more exhausted so will the practice of covering the face 
of common wood with an ornamental veneer of other 
woods increase. The machines for cutting veneers may 
be divided into two classes—sawing and slicing. Sawing 
v4neers has the advantage of preserving intact the 
grain and colour of the wood, but it has the disad- 
vantaga of cutting a considerable amount of timber to 
waste. The slicing process, however, is perhaps more 
generally in use. The wood to be cut is first steamed 
and then cramped in a frame, and operated on by a 
knife with a horizontal reciprocating motion, running 
(jSfiiquely across ■the wood.' Before the introduction of 
a machine for the purpose, veneers were cut oy hand, 
the wood being secured in a screw press arranged for 
that purpose. 

Bentham, in his patent of 1793, claims the cutting 
ot thin veneers or scales by means of kn^t^s from blocks 
of wood, previously steam6d> and ftdly describes the 
process in his specification. In the .commencement of 
this cehtiiry Brunei took out a patent (1805) for a 

' The steaming procets, however, damages conaidorahly (he colour 
of some woods, and allows th^gluo to penetrate. 
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circular saw tor cuitrug veileersjand since that date 
considerable attention has-been gijen by engineers to 
the subject. 

For cutting veneers Brunei employed a large cir¬ 
cular saw, built IP in segments and screwed on to a 
turned disc or flanges; the hole! thi^ugh which the 
screws passedavere made oblong, to admit of adjustment.. 
When the segments were fasfened to the disc„a layer 
of leather or paper was placed on the top of them, ^ver 
which another disc was fitted, and the whole screwed 
up tight with bolts and nuts. These ^aws are so ar¬ 
ranged that the bottom of their periphery is below the 
lower edge of the timber to be cut, which is fed forward 
by a rack movement. 

Veneers seem 4o have been sliced by machinery in 
Kussia some fifty years or more bacjj, as Mr. Peter 
Barlow, in his treatise on ‘ Manufactures and Machinery 
in Great Britain,’ 1836, mentions a process fo’* cutting 
veneers with a knife as follows:— 

The operation is begun Ify placing the timber from 
which the leaf is to be cut upon a square axle, when it 
is revolved and made circular by a turner’^gonge. The, 
blade of a plane of highly tempered ‘steel, and rather 
longer than the cylinder, is fixed at the extremity of a 
frame of 6 or 7 feet in length, in such a»manner as to 
exert a constant pressure npen thfe cylinder, and pare 
ofl:’ a^sheet of an equal thickness, which folds upon 
another cylititer like a rojl of linen, fhe frame to 
which the blade is attached is movable at its'lower ex¬ 
tremity, and as iff is charged it depresses in t^oportion 
as the mass diminishes in substance. Thac fliis de¬ 
pression may be progressive and perfectly regular, the 
inventor Ras appended a reguliltor to the machine, con- 
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sistuig of a flat brais plate, preserved in an inclined 
direction, upon wliic'u the Irame descends as the regu¬ 
lator itself is adfauced. The motion is con.mnnicated 
to the cylinder hy several cog wheels, which are turned 
hy a crank. r 

In the yciir ' 331 Mr. Alexander Craig, of St. Ber¬ 
nards, Midlothian, took out a patent fc. ‘ certain im¬ 
provements in machinery for cutting timber into veneers 
or other useful forms.’ In one of these improvements 
Mr. Craig employed a circular saw, the operation of 
which is described by Hebert as follows:—The saw is 
made to traverse the whole length of the veneer to be 
cut, while it revolves on its axis in the usual way. It 
is made to traverse by means of a crank having a radius 
equal to half the length of the intet-aded veneer, and a 
connecting rod pf length sufficient to prevent too much 
obliquity of motion by carrying the band round a pul¬ 
ley stationed at a small distance, beyond the greatest 
distance of the saw from its driving drum. Though we 
have mentioned but one saw, there are a series of them 
attached to the saw frame, and put in motion by the 
.same band,.fvhich is pressed down by an adjusting pul¬ 
ley between each pair of saws, that it may turn them 
with more certainty, by embracing a larger portion of 
the circnmfe'cnce of the riggers fi.xcd on their axes. 
The log of wood from which the veneer is to be cut is 
suspended between centres similar to those of a turning 
lathe, so tha,^ it may be cut into one conJnuous veneer. 
It is evident that to produce an uniform motion in that 
part of t|ie log iif contact with the saws is necessary to 
its perfect action ; and this the patentee has effected in 
a very ingenious manner. He puts into slow motion, 
by a species of gearing known by the name of the end- 
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less screw, a shaft Imving on its extremitj a metallic 
cylinder, with a surface roughed in a* manner similar to 
the aurface*of a rasj); and this* cyliyd^r, being pressed 
against the circumference of the log, will cause it to 
revolve at the salie spe(»d, whatever be its diameter. 
The specification is cd'icluded %*a .Soseription of an 
arrangement UV which the saws are made to'cut beyond 
their centres in a stationary log. 

This is effected b/attaching them on axes whicl^do 
not project beyond the surfaces next tlje log. To the 
frame carrying these saws a descending as well as an 
alternating motion is given ; and the veneer being, by 
a guide plate, made to fold back under the saws, it i.s 
clear that they will with facility cut to any required 
depth, without rdiSrence to their dian^eters. 

About the year 1847 very considvable improve¬ 
ments in the method of cutting and laying veneers were 
introduced in America by Belter, a Cjlernian cabinet¬ 
maker, whereby the variety and beauty of the work was 
much enhanced. Some years later a patent was ob¬ 
tained in this country by a Mr. Meadows for an im¬ 
proved method of bending veneers around sjiarp angles* 
such as t’loso in mouldings. 

Some few years since Mr. L. E. Hawes, of the United 
Slates, patented .several improvements in machinery for 
veneer-cutting. The knife wlfich cats the veneer, con¬ 
trary to the general practice, is made* stationary, aij/i 
the wood cramped in a sliding frame, which is arranged 
with a vertical reciprocating motion, oscillating slightly 
longitudinally at the same time, whioli is fooH®. ^o give 
a cleanness to the cut. A veneef is.cut at each down¬ 
ward sti'oVo of the Icnife, which is then drawn clear of 
the wood during its upward stroke, when,it resumes its 
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original position fott another cut. All these motions 
are self-acting, and it is calculated to cut from 40 to 
60 square feet per 'ininu'.e in almost any kihd of wood 
usually employed for veneering. Seme users igefer 
veneers cut round the annular growtl rings of the tim¬ 
ber instead of across'.' In this case the wood is steamed 
in the usual way, and made to revolve between centres; 
an extremely sharp knifd is brought to bear on its face, 
thus obtaining wide and uniforCi veneers from small 
timber. In practice, however, it is found that some 
kinds of wood ^ will not readily submit to this process 
without splitting, but with those that can be thus 
worked it possesses some advantages, as the figure of 
the wood is more entirely retained. 

Veneers, too, are sometimes cut hy a horizontal saw 
with a reciprovating motion. A single straight saw 
of very thin gauge and finely-set teeth is employed; it 
is tightly strung in a light swing frame, and sharpened 
to cut in both directions of the traverse. The wood is 
fixed in a slide which feeds vertically to the saw, and 
has a lateral movement to suit different thicknesses of 
cut. » 

In France veneers are very generally steamed and 
sliced by a sliding block and knife. 

Operating- as they do on very valuable woods, espe¬ 
cial cure should be taken" in the design and exact con¬ 
struction of veneer-cutting machines, or considerable 
loss will be the result from, inferior production. If a 
circular saw is employed, the disc should be balanced 
to a nicety, or the saw will not cut true, and the veneers 
will be of uneven thickness; the bearings too will 
rapidly deteriorate. 

In slicing machines a back iron should always bo 
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fitted to the knife, wBich id lar&e'blocks should ope¬ 
rate obliquely to the grahi of *hp wood, and be so 
arranged that the whole length of,»tAe knife does not 
strike the wood at the same moment, as the shock thus 
occasioned is often coMsiderable and the reneers cut 

• f - ^ 

are more liable to split. 
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CnAPTKlt XXII. 

» WHEEL AND CAKBIAOE MAKIN(i MACHINERY, 

In the manufacture of wlieols and carriages on a large 
scale several special macliines are necessary, in addition 
to uiodificatious of some of those we have already 
noticed. Amongst these may he mentioned the spoke 
turning or dressing machine, spoko-driving machine, 
felloe-shaping njiichine, spoke-tanging and folloc-boring 
machine, wheel-facing machine, he .; our space, how¬ 
ever, will only permit us to give ii brief rhxme of sonic 
of the principal machines. 

The principle of most of the machines now in use 
for turning or dressing irregular shapes, such as spokes, 
.hammer hapdles, lasts, gun stocks, is contained in 
Boyd’s patent, dated 1822. He claims in this patent 
the use of a model or dummy in conjunction with a 
blank of wo( d or other material, the outline of the 
model guiding the cutting tool to produce a duplicate 
from the blank. A shoe last is shown in the patent 
specification,, as illustrating the principle claimed. 
From this machine, or, more correctly speaking, from 
this priiiyiple, nilmcrons machines for analogous pur¬ 
poses have since that, date been from time to time 
brought out. 

Some five-and-twenty years ago a machine for 
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dressing spokes, &c., with the grafti of the wood was 
patented by a Mr. Hughes*; the 4poke was fixed on a 
table, whi«h was traVersed boii^eath ^h^ cutter by means 
of a rack and pinion. The cutter-block spindle was 
made hollow, aiK^ arranged so as to allow the cutters 
to traverse to or from; one another as they were acted 
on by a ?n(»lel spoke, and the fraAie carrying the 
cutter block was pivoted' on cue side, which allowed it* 
to rise or fall as desired. 

In the year 1845 a machine for carving ana copy¬ 
ing irregular forms was introduced by* Mr. Jordan, of 
London. In his machine the wood to be" shaped and the 
model or ‘ dummy ’ are fixed on a horizontal table, 
running on wheels transversely on another table or 
frame, which wa;, arranged to move in a longitudinal 
direction, so that by the .straight-lind movement in two 
diioctions the°table could be made totiave a motion i-i 
every part of its own plane. The model an Lwood to 
be shaped were made to swivel on centres, and so ar¬ 
ranged that by means of a‘lover they could bo turned 
simultam-ously on their axes. The cutters were carried 
on a verticarslide, and made some 5,000 revolutions per 
minute; this vertical slide was raised or f iwered to tiTe 
work, which was fixed on the travelling table beneath 
by means of a treadle. A tr.acer guide ^acting on the 
2 uodel produced by the aid <»f thc»cuttora facsimiles in* 
the jrieco or pieces of wood. 

S^mc of the greatest improvements in autoinJtic 
lathes for turning in-egular shapes were .made and 
patented by Mrt Blanchard, an Anmrican, many years 
back, whose machine was undopbtodly one o^ the most 
remarkable inventions of the day; these have again 
been modified and re-patenlc^l by tilcason and others. 
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A.n improved form of Blancliaid lathe, manufactared 
by Messrs. J. A. FaJ and do., of Cincinnati, U.8.A., 
and especially adapted for turning spokes, it deserving 
of notice, as it contains several features of interest. 

The cutter block is fixed to a trayeiling bed, which 
is worked by a^oru feed; the feed is adjustable for 
tapering work, urd can be stopped at anj desired point 
by a buffer which is attarhed to the frame. The cutter 
block is fitted with eight knives, which are arranged 
to give graduaJly ‘finishing’ cuts, thus leaving the spoke 
comparatively smooth when it is taken from the ma¬ 
chine, consequently requiring little extra finishing on 
the buffing machine or sand belt, which is used to 
remove the marks of the cutters from the wood and 
give it a perfectly smooth surface Ui receive the var- 
nk.h or paint. Ihe vibrating fi-ame is fitted with cut 
toothed gearing'for rotating the model and wood to be 
shaped, -and the vibrating rests are faced with steel 
and kept in position by a steel spring. The movable 
centre is worked by an eccentric and lever, and kept in 
any desired position by a ratchet. The cutter-block 
belt travels over a long iron drum placed below tlie 
Vuachine, ami, although shaping only one spoke at a 
lame, this lathe is speeded to turn out as many as 900 
spokes per day, which, if the finish is satisfactory at 
that speed, must be pronpunced a very large number. 
The cutters are arranged to work across the grain ol 
this wood. 

In the improved Blanchard lathe for turning spokes 
patented by J. Gleason, of Philadelphia, TJ.S.A., some, 
thirteen* fears since, t^e points of novelty claimed are 
the use of centres' operated by -an eccentric lever 
instead of a mallet, and the introduction of a lever for 
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releasing the spring vvhich keeps <Le vibrating frame 
in contact with the model (Xf ‘ dummy.’ 

In the»year ISCd Mr. Il.^WilsQH^ of London, de¬ 
signed and patented a multiple copying machine. The 
principle of^ubing a mocV'l in conjunction with blanks 
was still adhered to,-but inste.i(>of .one a uun{ber of 
duplicates W(»-e produced at the samJ time, hf this 
machine a model spoke and-four pieces of wood are 
mounted in separa.e adjustable centres or poimet 
heads, which are fixed to a sliding table, arranged to 
travel by a screw feed beneath the cutters. The cutters 
are fitted on separate blocks, but are mounted on the 
same spindle, which revolves in a counterbalanced 
swinging frame. The principle of working i)ursued in 
tliis machine diffc*s from the ordinary ‘ Blanchard ’ or 
other lathes, ii,s in this case tlie cuAers revolve in* a 
fixed position, whilst the wood itself is made to revolvu 
and travel beneath them ; the reverse of this is* usually 
the case, the cutters themselves being made to travel 
and the wood to revolve iti a fixed i) 08 ition. The 
cutters used are perfectly flat, and arc arranged to cut 
with the grain of tlie wood. From our experience we^ 
cannot recommend the plan of cuttirfg with the grain 
of the wood, as, unless the grain is very straiglit and 
considerable care is exercised, large splinters arc apt to 
be torn away, especially at ttic finishing of a spoke. ' 
With^uiiichiues arranged to work across the grain this 
is not the cUsl, but these spokes, howevty, take ’.uorc 
finishing after they have feft the lathe. 

A very simple*and efficient haml-i^wer >mohino for 
centreing and boring wheel sf<>cks or hubs was pa¬ 
tented in the year 1868 by Messrs, Silver and Denning, 
of Ohio, &.S.A. It was arniif^ed to adjust and hold 
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the hub ill position Ivhilst being bored j tliis was secured 
by 11 kind of chucld' frame, consisting of three equi¬ 
distant radical iiriiis furnished with dove-tail slots, in 
whieh worked adjustable jaws with corrugated faces 
for gripping the hub. These jaws were set in or out 
simultaneously by tceans of bewel gear. The boring 
spindle or luandrel was fitted with a feeds nut, made in 
halves and of somewh.'-.t peculiar construction; the 
upjicr part of boring spindle, wliieli worked in the nut, 
was' cut with a feed screw of about two thread.s to an 
inch. An adjustable gauge for regulating the depth of 
the liolo to be bored was fitted to the boring spindle. 
When a hub is to be bored it is secured by the jaws, 
the gauge is set at the right height on the boring 
spindle above the feed nut, the -boring spindle is 
tilrncd by a handle similar to that used with an ordi¬ 
nary auger, the boring tool being fed by the before- 
mentioned feed-nut till the gauge comes in contact 
with the cap of the nut. A sot screw is then loosened, 
which allows the foi'd nht to turn with the boring 
spindle, forming with a suitable cutter a square shoulder 
at the bottom of the hole. 

Very few iiftportant improvements, that we are 
aware of, have of late years been introduced into ma^ 
chines for turning spokes. At the International Ex¬ 
hibition at Paris, 1t<78, several multiple copying lathes 
were exhibited in the iVench section. In the machine 
sCown by Mjsssrs. Gerard, of Paris, the cutters wen; 
fa.stcned alii-ecfly on to the ctitter spindh', without any 
block or other pi^vision being made. ’ A very neat and 
simple‘aiTangement tyas also ]iro"i<ied for centreing 
the spokes or other work. A multiph^ co[iying lathe, 
especially adapted for shaping wooden shoes, or sabtils, 
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as well as spokes, was also exhibitSd by M. F. Arbey, 
of Paris. This we illiistraie (fig.'30). Its action will 
oe easily upderstood"from tiie on£r''a\i{ig. This machine 
is arranged to shape six articlcli at one time, the model 
which is r<'oniijd,to be cij 2 )ied being mounted in centres 
having rotary and h.,rizontal movements, and' three 
blanks of wo^ I being mounted in like flianner on either 
side df it. The cutters operating on the wood are 
mounted in a 3win^,ng frame immediately over the 
blanks, and when set in motion are guided in ffieir 
action by means of a tracer or feeler travelling over 
the model, the swinging frame thus rising or falling as 
required, and the cutters produce in the blanks the 
exact shape of the model. The cutters operate with 
the grain of the ,wood, and the spokes or suloU are 
traversed horizontally beneath the ctitters by means^of 
a slow screw feed. 

After the spokes are shaped from the rough timber 
they are passed on to a tenoning machine, which is 
fitted in addition with a cironlar saw and gauge, which 
reduces them to one uniform length. They are after¬ 
wards passed* on to a spoke-buffing or ^lass-paperin" 
machine. This macliiuc consists of two endless belts, 
covered with ground glass of different degrees of fine¬ 
ness, running over two adjustable pulleys.. The spoke is 
pressed on these belts by hand, the coarser grit re¬ 
moving the marks left by the cutterf^ of the shaping 
machine, anfl fhe finer grit giving it a snipoth surface. 

Where large number? of spokes are • buffed ’ a great 
amount of dust is created, which* floats about the 
workshop, to the detriment of jjfie health of tlfc work¬ 
men and the machinery employed. To obviate this a 
simple pneumatic apparatus for conducting awav tht 
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duat call easily be 'secured by arranging a sioall fan 
blower—say, with an'impelbr of about 16 in. diameter, 
and running ab«iut 2,000 revolutions per minute— 
fitted with induction and delivery pipes. By these 
means the dust can be conveyed to ♦he stoke hole or 
other part of the buildiiig. Tins' system has also been 
introduced, into saw mills for the removal of the 
shavings, sawdust, and dhips made by trying-up, saw¬ 
ing, and the other heavier class of wood-working ma¬ 
chines. 

Amongst the other wheel-making machines may be 
mentioned a machine for driving the spokes into the 
wheel stocks, patented in America by a Mr. Hosier 
some eight years since. In this machine the blows 
are given to the spokes by a swingiig mallet, worked 
by a cam motion, as if used by hand they are governed 
by the pressure of the foot on a treadle. The blows 
can be graduated from heavy to light, or from fast to 
slow ; an adjustable guide is also fitted, which sets the 
spoke jierfectly true before being driven. Another 
tool recently introduced in America is Corr’s patent 
^automatic wheel machine, which is arranged to drive, 
cut otf, and tenon the spokes in the wheel, without 
removal after being once adjusted. For driving the 
spokes the wheel stock is fixed on a stud in the centre 
of a vertical frame.' This, stud has a movable outside 
bearing, worked hy a lever. The spokes are driven by 
a mallet, operated by a sprtng and eccentric which 
forces the mallet down after* it is raised by a cam. 
Attached jf) the main frame of the machine is an appa¬ 
ratus with lateral and,transverse irovements, for saw¬ 
ing and tenoning the spokes. This can be adjusted in 
its position to suit wheels of different sizes, and is so 
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arranged that as on(? spok# is b^ng driven anothei 
is being ert to gauge by » circular saw and tenoned. 
A hollow auger fitted with cutting forms the tenon 
on the end of tli<i spoke. This auger is combined with 
the saw, anjl by depressing a foot lever they are both 
brought forward to the work, •tlfc saw operatfhg first 
and the spol^ being held between horfjpntal guifies in 
line with the tenon tool; this Is automatically moved by 
a screw, and the tenon is completed to any desired d^th. 
The inventor claims that one man with this machine 
can drive, saw off, and tenon thirty wheels and upwards 
per hour. 

Some manufacturers prefer the oval form of tenon 
on the ends of the spokes where they enter the felloe, as 
the risk of splittisig in driving is lessened, and it is not 
found neeessa^ to wedge this form of^,spoke to keep it 
in position. The felloes of the wheels are usually cut 
from the rough timber by a band sawing maci'fne fitted 
with a radial arm. In America an arrangement of 
circular saws is often employed. Two concave saws 
are mounted on a spindle, one end of which revolves in 
a pivoted bearing, capable of adjustment j^nd movemenjj 
in a vertical plane on the axis of Its bearing. The 
wood is fixed on a vibrating carriage, and is adjustable 
to or from the saws. A separate set ofi saws must be 
used for each sized felloe, as the chrvature required on 
tlie sjws is n(|:essarily different. 

The I'elfoes are plane,jl on an ordinary vertical 
double-spindle shaping hiachine; they are •fixed in a 
radiating cramp, and the wood is fir^t of a'ljbronght i» 
contact with one set of cutters,avhiph planes one-half of 
the inside and chadifers the edges ; it is then passed to 
the other cutter block, which* completes the operation. 
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By using two cutter blocks revolving in opposite direc¬ 
tions the wood need never ‘be cut against the grain; 
consequently the ovork turned out is of better finish. 
A cutter block revolving' horizontally, for planing the 
edges of the felloe, and, where « larga amount of work 
is turn©! out, a self-iictiug feed can be added to this 
inach\ne with a'dvantage. ' 

A very useful inachftie in connection with wheel 
inapufaeture is Morris’s patent wood-bending machine, 
introduced some few years since. The principle on which 
it is constructed is the bending by levers from the 
centre outwards. After the wheel is put together it is 
usually finished in a surfacing lathe, or in a planing 
and finishing machine especially iidapted for the pur¬ 
pose. An outside-cutter moulding ansi planing machine 
call readily be modified to perform this lyork, the wheel 
being mounted on a separate vertical screw chuck fitted 
to a stand, with vertical, transveree, and angling move¬ 
ments. In the construction of a wheel no less than 
twenty different machines "can be employed with more 
or less advantage. 
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OASK-MAKINO MACHINKUY, 

Maohinehy for the manufacture of casts has of late 
occupied considerably the attention of engineers, and 
a number of labour-saving machines for the especial 
class of work required in a cooperage have been intro¬ 
duced, with vei-y satisfactory results, and so complete 
are some of the plants erected that lery little mamiai 
labour except putting together is necessary. Some of 
the earliest machinery erected in this country»tbr the 
conversion of wood was devoted to the manufacture 
of casks and powder barrels. We believe the first 
patent taken out in connection with machinery for the 
manufacture (Tf casks was that of Plasket and Brown, 
in 1811; but Mr. George Smart,of We«tmmaterBridge’ 
Road, is stated to have had a set of cooperage machinery 
in use some years previous to this date, but jvhat its con¬ 
struction was tliere is no recoil, iisS;r as we ai'o aware, 
to sho^w. Beiiig one of the earliest,efforts in this 
country in comiiectioii with the conversing of wood iJy 
mechanical means, we think it of snlficient general 
interest to append a short descriptioB of Plctikct and 
Brown’s machinery as described in Ur. Gregory’s 
‘ Mechanics.’ 

‘ First, the machinery for cutting the stave consists 
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af a stout bench, having n boarJ or platform annexed 
to it capable of being moved endways, to which another 
board is connected, so arranged as to be moved across 
steadily by racks "and pinions or screws. The last 
board has a hollow pa.rt made in it, in which the stave 
board may be laid s'o that one «edge of it may project 
clear beyond tbii edge of the first-mentitued board. A 
circular saw is place(f eitlfBr above or boldw the 
bench,' having its axis at right angles to the line of 
radtion of the first-mentioned board and opposed to 
the direction of the course of the projecting part of 
the stave board. This circular saw is made flat when 
the straight-edged staves are to be cut, and is dished, 
or of a spherical shape, when staves with curved edges 
are wanted. The board first mentioned is moved 
either in a right "line or is made to assume a curved 
course by being’contined in its motion by curved grooves 
or by curved rods moving against pins; and by the 
proper management of these sliding boards the 
stave board is cut by the circular saw of the shape 
desired. The machinery next used consists of a large 
lathe, in which the cask is turned'in a vertical position 
when it is of a large size (after it is formed in the 
usual manner from the staves prepared as above de¬ 
scribed), being either fixed in a great chuck placed- 
beneath it or in a cylindrical cage which surrounds it, 
fixed upon a strong upright arbor and revolving be¬ 
tween collars, where it serves the oflice of a mandrel. 
In this lathe the chime and groove for receiving the 
head are turned in the cask by the application of a 
proper'tool. When the cask is smell, the cage is made 
to turn in .a horizontal position instead of revolving 
vertically. The third operation is to form the head, 
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which is pinioned toge.Ujev usuah after having the 
pin holes made by piercers,projecting from the man¬ 
drel of a lathe, the distances and' ^epths of which 
holes are coiTcctly regulated ■ by ffauges; it is then 
turned on a dal revolviry^ table, from which points 
project to hold it fast, and agairstswhich it is held by 
another revohring piece that is screwed. towards»the 
first, wliere it is brought to the proper size of the cask 
by fit tools. 'J'he four.h operation is to turn the'whole 
cask at the outside, for which purpose it is placed iff a 
large lathe between two chucks, made to fit into the 
chimes, and attached to the head by poihts; and then 
the sui'face of the cask is turned smooth by a spoke- 
shave, or other fit instrument, held against it by a 
rest properly placed for the purpose. The patentees 
bend their wooden "lioops for their casks in an expedi^ 
tious manner by fastening one end of them to the 
circumference of a wheel, and lu’es.sing them against 
the wheel as it is turned round; they also descl’ibc a 
method of forming the proji>cting part in the bung 
staves of the small casks called Imttles by means ol 
flat or concave rfdi'cular saws, which cut the face of the 
stave on (‘ach side close up to the pj’ojeTition; and, 
lastly, in giving motion to this machinery the inventors 
nse any of the usual first movers and mill work, as may 
bo necessarj'.’ 

Sir John Robinson, too, was ^jne of the earliest in- 
vcnlors'in coiynlbtion with cask-making machinery. Hi? 
proposed the plan of benditig*the sta'a, against curved 
bed, and jointing *ime by means of tw^ circular saws. 

In the year ISilb Mr. Samuel Ihowii patented a 
series of machines. 'J'he staves wAc ifdged by means of 
an ordinary circular saw, the .wood being fixed and 
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pnslied through the sawA in a elide having a. cCffv(id 
motion and resting against-a fence or guide consisting 
of a flexible bar which could set to atiy ciu’ve desirtjd 
in the stave. He ats(| used a s}’stein of expanding 
cutters for chiming, &c.; they were fixed oh a vertical 
spindle and traverstfl round thehnside of the cask. 

Come of tb(? most important improveiwents in cask¬ 
making machinery are those of Gibbs and Gatley, ' 
engineers, London, whose ])ateut specification, dated' 
18')’5, possesses several features of interest to engineers, 
as more than one of the ideas therein conUined has 
been the subject of recent pahmt rights. They claim 
briefly certain anungements of machinery for cutting 
two staves from one piece of wood, the part which is 
flattened out between the two staves forming a portion 
oS the head ot a' cask; the arrangennmt of machinery 
for cutting the edges ot staves to thihr proper curves, 
and for- cutting the grooves at tlio ends ol a, cask to 
receive the head, and also the bevels at the ends of the 
cask. They also claim the construction of an ordinary ’ 
vertical saw frame in such manner that, one set of saws 
with their frame shall at all times balance another sol 
of saws and' their frame, and also the application of a 
•saw of the form of a segment of a circle for cutting 
veneers. The ]ilan pursued in cutting the cask staves 
is decidedly ingenious. T^hvo straight or mill saws, eoine- 
what narrower than those used for ordinary sawing, 
are mounted in an ordinary .sawing .rivme haVing a 
vertical recijirocating movement. The saws, however, 
are not fixed to ,the cross-heads in (he usual manner, 
but mounted in two small, separate frames. Each of 
these frames consists of two vortical guide-rods, attached 
at their upper and lowpr ends by means of bolts and 
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nuts to wrouglit-iron i.lates. i Iti •■aiflii of the cross-heads 
is formed a vciHacal mortiacj, through which the pins 
which cany the saw pass. These pies are fixed at one 
of their ends to tlie plates, and at the other to the saws. 
Therefore, jf eit’i'>r of #these piiis be moved in the 
mortises, the saw will move with St; consequently the 
two saws eaiiV)e made to dive ,’ge from* each otht% till 
one-hUlf of the staves ate cuu, and approach towards 
each other till the other half are cut. This movement 
is effected by means of two guiding pieces and lour 
guiding sockets, acting in conjunction \>fith springs; 
these are so an'anged that when the machine is set in 
motion the guiding sockets will roll along the surface 
of the guiding pieces and follow their curvature, being 
forced apart by tl^e springs till one-half of the staves 
are cut; they will then gradually approach each other 
till they assume the position from which they started. 
By changing the guide pieces staves of any'desired 
curve'may be obtained. 

Following Gibl>! and Gatley’s patent various im¬ 
provements were introduced into cask-making ma¬ 
chinery by Kosenberg, Grtjen, Robertson, and others. 

Green introduced a tolerably complete machine for 
‘ backing ’ and ‘ hollowing ’ the staves. In his machine 
the stave was arranged to travel on a naiyow roller by 
means of a fluted feed-roller, fitted immediately over 
it and pressing the stave upon it. The narrow roller 
supporting the stave revolved freely on its own axis, 
and was arranged between Iwo revolving cutters, which 
gave the desired ?hape to the stave. 

• In the year lb52 some important improvenfents in 
cask-making macliiMcry wore patented by Robertson, 
of Glasgow. In making 'Civsks and other wooden 
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vessels according (to this (invenijion, the rough staves 
were first steamed in the usual way, to cause pliability, 
and then, in order .that the irregularities or bends in 
the wood might be nullified, the stjive was screwed 
np by its flat side against a (fixed lyjaring surface or 
against rollers, so tll.ih when passed into the sawing 
machine, the wbod migH be accurately ^ut. A self¬ 
acting arrangement was' employed in councctioif with 
these retaining or flattening screws, for the purpose of 
slackening off these holding details as each approached 
the cutting edge. At the same time a series of cutters 
was arranged to work on the exposed side of the stave, 
for the purpose of dressing that surface to flu' form re¬ 
quired. As the stave moved forward it was first sawn 
on the edge by a circular saw, to Jake olf the ‘over 
wbod ’ to the required curve; it then came against a 
set of rotatory cutters, which finished tlie smiiiee. At 
the same time a set of cutters worked over the top of the 
stave on its flat surface. Then, when this flat side and 
one edge had been so shaped, the stave was revoised 
and the other edge and side similarly treated. Several 
staves can be done at a time. When flic staves are 
piled together, or when the ‘cask is raised,’ the upper 
ends of a stave being surrounded by a hoop, the mass 
of staves is put into a press, to eonipress the bilge of 
the cask and bring toguther the bottom or opposite 
loose ends of the staves. 

Kobert.sop’s macliini; for bending or^‘trussing’the 
staves is. also worthy of noliee. The staves were first 
steamed .at a teliiperaUire of about '220° Falir. The 
trussing machine eons^isted (d’ two, iron cones; the in¬ 
side periphery of each was mad.-) to fit the outside 
cuiwe of the cask when finished. The upper cone was 
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widened at its lower extremity, so as to surround the 
staves, which were fixed 11 into it by hydraulic pressure. 
Truss hoops wo.'e let into recesses flush with the inner 
periphery of the cones, which' vere arranged to open by 
binges. 

Messrs. Ijj. and B. Holmes v#*Buffalo, U.S.a., also 
designed a very complete s^ t of bart-el-making^ ma¬ 
chinery, some of which jjosso^^sed considerable origin¬ 
ality. The staves were jointed and cut to the required 
curve by means of a revolving concave wheel fitted 
with a radial cutter. 

The groove for the head and the bevel at the ends of 
the cask are produced at one operation—viz. by the 
slow revolution of the cask on an axis simultaneously 
with the rapid revolution of cutters, which are held 
in contact with the isiside of the cask^nd guided bj' a 
blank roller. The whole of the mechani..ai iirrange- 
inents contained in the specification must bfe held to 
reflect the highe.st credit on the inventors, more espe¬ 
cially when it is borne in mitid that at that date wood - 
working machinery had scarcely any existence. 

Owing to the development of the commerce in^ 
petroleum a. considerable impetus has-been given to the 
manufactiu’e of barrels in the United States, and many 
factories whore they are manufactured.in immense 
numbers are now in existence. This greatly increased 
demand naturally turned the attention of American 
engineers to the further ^improvement ^ind develop¬ 
ment of cooperate machinery, and a nninberof labour- 
saving tools of more or less novelty has, been the 
result. ^ 

In tlip year 1805 J. S. Thompson, of Glen’s Falls 
New York, took out patents fer a series of machines, 
some of which possessed considerable ingenuity. 
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One of these whs arranged Co saw the staves to an 
uniform length, croze their inner ends for the recep¬ 
tion of the barre’ .head, and chamfer the e:id edges at 
one operation. In the I'entre of the machine a spindle 
was arranged with a circular'saw, chamfering cutters, 
and 'V-shaped crozlng cutters "at either end. Two 
spindles, one oh each s‘de of the saw spindle, carried 
wheels^ over which worked chains. Vertical lugs were 
attached to the chains at equal distances, and the 
.stoves were fed horizontollj to the saws and cutters, 
being held firmlj in position by adjustable pl.ates bear¬ 
ing on the biick and front of the stave. One set ot 
these plates rested on springs, which were arranged to 
yield to varying thickness of staves. 

Another of these machines was designed for stave- 
jo'inting; its arrangement was briefly as follows:— 
The top of the frame of the machine was made con¬ 
cave, eoiresponding with the bilge of a cask. On this 
frame a oan-iage was airanged to travel longitudinally. 
Fitted to this carriag(> by pivots at each end was a 
frame which held the staves, which were placed on 
edge by means of a cam lever operating' on a spring. 
In the centre of the machine was a horizontal cutter- 
head, driven by a vertical spindle, which jointed the 
staves, the necessary bilge being given by the con-, 
cavity of the slides, and the bevel by the po.sition of 
the carriage which held tiiem. A strap attached to 
this carriage; winds on a roller, and drawdthe carriage 
with its load of staves over the cutter head; when the 
jointing is performed the carriage is run back by a 
weight* which is tliroyvn into iict.icu by the release of 
the winding roller, which is connected with its spindle 
by a clutch. 
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The third machine of this serJhs is one which is 
arranged to saw and chaaifer the head at the same 
time. Th« tools consist of a concava* or dish saw and 
a cutter block, both fitted on ( lie same liorizontal spin¬ 
dle. riio bpai’ds intend«d Lo form the barrel head are 
placed on a ^ircular plate, which il j^eared underneath; 
directl\ over this plate is a cj 'cnlar cnimp. worked by 
a screw and hand whcof, aid arranged to rotate with 
the circular plate. The circular plate, gear, and sup¬ 
porting bracket are pivoted to the main frame of*the 
machine and are arranged to cant to hiiy angle. When 
the necessary boards are secured on the circular cramp- 
plate, the whole is canted towards the saw and cutter, 
the concave saw chamfering one edge and the cutter 
block the other, ttie circular plate being at the same 
time rotated either by power or a pinion and handle, 
thus causing the whole of the periphery cf the barrel 
head to be operated on by the saws and cutter.s. A set 
of cask-making machines was exhibited in the I’aris 
Exhibition, 18t>7, by Cool, ■•Eerguson, and (!o.. Mass., 
L'.S.A. 

Following these inventions, nothing noteworthy was 
produced for this especi.al class of work lor some years.* 
When the band saw was reintroduced by M. Perin, of 
Paris, in 1855, it was more or less adopted for cutting 
out the staves and bottoms <,f casks. Another French' 
engineer, M. Arbey, of Paris, modified several existing' 
machines, including a planing machine^ for roundiTig 
the staves and planing up the bottoms,.a vertical 
moulding mach’?ue for chamfering the bottoms, and a 
tongning and grooving machin§ for jointing tlltem. He 
also invented a machine acting with spiral knives for 
chamfering and recessing th« ends of the cask after it 
has been put togetla'r. 
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During the laSl ten lyeavs, owing chiefly to the 
rapid increase in operatives? wages, a number of patents 
for improvements., in this class of labour-eaving ma¬ 
chinery have been takt^u out by Robinson and Smitli, 
Woodley and Anderson, Slater, Thornelev and Bux¬ 
ton, fjyle, Hewit Uni Hays, tlerard and Thulicr, 
Gedge, Eansoine, and ((thers. 

, Mr. Abram Lyle, in his patent, dated 1871, claims 
improvements in a machine for. dressing staves. In 
his' machine the stave is gripped between and fed 
along by short massive rollers, arranged with their 
axes vertical, whilst in the centre of the row of feed 
rollers is a revolving 8i)indlo, having fixed on it the 
cutters for dressing the stave. The cutter spindle is 
carried in a bracket arranged to slida in guides below a 
table, and is ail^nstablc. The feed rollers on the same 
side as the cutter spindle are fluted, and are driven by 
means of worm wheels fixed on their spindles below 
the table, gearing in with worms fitted on a horizontal 
shaft, which is driven from the first-motion shaft. The 
feed rollers on the other side of the stave are held in 
forked blocks si‘t in boxes containing st rong springs, 
'which are adjustable by means of scri'ws. The rollers 
on both sides are made sufficiently strong, iind the 
pressure appljcd is sufficiently great, to straighten .any 
.twist in the stave passingithrough. 

Messrs. Robipson and Smith, of Rochdale, patented 
irf 1873 a method of making bungs or .shikes for casks 
by means pf a cylindrical saw and rotary cutter; and 
Messrs. H,evvit ami! Hays in 1875 patented a machine 
for cutting staves by means of two circular sa ws placed 
side by side, and avrangtsl with such a motion that 
when a stave is passed between them the two sides are 
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cut off at the saijie tiiao iiiid 4 the pftiper bulge given to 
the stave. 

Improvements in cask-making iuachinery of some 
.mportanco have been introdin,* sd by Messrs. Thorneley 
and Ba wtoTj, 3f Burton^rm-Trent. They patented in 
1876 an iinproveiiient in macliinei^f for jointing staves. 
This Consists in centreing jden staves both i® the 
direction of their widtlf and length by means of an 
apparatus lixed on or to machinei’y used for jointing or 
edging such staves. The former is attained by means of 
a rotating cam, which opens the dressing knives or 
cutters so as to receive the widest stave between them, 
and closing the said cutters on the edges of such stave, 
of whatever width, by means of a weighted lever; and 
the latter is accomplished by lengthening out or 
shortening che centreing gear, so as to bring the ceni re 
of the stave to the centre of the said cutters. Thorne¬ 
ley and Buxton patented also in 1878 machinery by 
which wooden staves for casks are ‘ hollowed ’ and 
‘ backed ’ at one and the i«nne time. The cutters, 
guides, and bed on which the staves are dressed ai’o so 
arranged that bent, twisted, or otherwise misshapen 
staves arc I'asily worked. The cutter* in Ibis machine 
are raised or lowered by means of a cam or eccentric 
for hollowing staves to a gradually varyipg thickness 
from their centi-e towards each end.* 

In the year 1871 a series of improvements in cask- 
making machinery of some novelty was j>ateuted by 
John Woodley and John •Anderson. The first part of 
the specification ’relates to apparatus for fattting the 
edges of staves to the desired ^shape, or the {>rocess 
commonl;^ called jointing. Bor this purpose each stave 
is successively placed on the tJible on or in a groove of 
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jvliicb an endless Cnain tajiTerses, with projections, one 
•of which, by acting on one, end of a stave, drives it for¬ 
ward between a pair of radial arms or shafts at angles 
one to the other, carrying cutters to produce the desired 
angle to the edges. Tl.o relative pojfition of the shafts 
is variable by right) and left b.rnd scre\y motions, by 
whicih these angles 1 ) 1 ^.)' be varied. These shafts are 
supported in a frame capable of movement transversely 
to that of tlie stave, to adapt the eutting to variations 
in width of the stave. These motions are effected by 
cams or tappets, and rotations to the cutter shafts by 
straps or b.ands. A saddle piece held by the attendant 
and a stationary roller aid in guiding the stave to the 
cutters, whilst weighted lever-arms with rollers hold the 
stave during the cutting. The inve.ution also relates to 
appanitns for hollowing the inside surface of the .stave. 
For this purpose each stave is, as in the host apparatus, 
plaeed'on the table, .so as to be acted upon by one of a 
series of projections from an endh'ss train chain, by 
which it is moved into position (o he cut by rotary 
cutters, driven by a band or strap, and is guided whilst 
moving forward by a. template or roller or rollers. 
Weighted g'nidas and a weighted pressure roller guide 
and aid in holding each stave in position during its 
traverse. 

The cutting of the outer surface or ‘backing’ of 
the staves is efijccted by each stave btiiuo moved forward 
'by a similar endless chain on a table, so Shat the outer 
surface of such stave may he acted upon by other 
rotary cutters, 'Ju' motion of the stavi's being aided 
by weighted pressure rollers and guides. The invention 
also relates to nieaus for (‘fl'ecting-the desired hovelling 
of the edges of the heirds of the cask. Pieces of wood 
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jointed together to forni a lidiid are placed between, and 

so as to be held by, pins betw('eii two plates capable of 

sliding sideways on other face platej. The axis of one 

of these face plctes is hollowtid to receive through it 

the axis or spindb of its*slidiiig plate. Rotary motion 

is given to ^lis hollow shaft' to Cause the rotation of 

the several plates and the ‘h.,ad’ held between fhem, 

1 » * , • 

but during this inotion other motion is given to the 
axis of the sliding plate, carried by the plate affixe4 to 
that hollow shaft, so as to cause the head to revolve in 
an oval direction, so that its edge may be cut by the 
bevelling cutters to an oval form, c.apable of adjust¬ 
ment as to extent. The invention also relates to means 
for planing the edges of the separate breadths of wood 
to form the headcs For this purpose a table and end¬ 
less chain, snejj as before referred to,^re employed' to 
conduct the pieces between a pair of rotary cutters, and 
the distancie apart of the axes of these (•ntter8°is regu¬ 
lated to the width of wood under operation by a pair 
of pins or projections carried by frames suj>portod by 
right and left hand screws, su(;h frames also carrying 
the axes of tfie cutters. 

Ill the International Exhibition* of Paris, 1878, 
Messrs. A. Ransome and Cb., of Loudon, exhibited 
speoimens of their lately designed maclvinery for the 
manufacture of powder barrels; Rut, considering the* 
warlilfe and b^er-drinking proclivities of the age, nig,- 
chinery for the rapid construction of casks was con¬ 
spicuous by its j,bsenoe.* During late yi'crsf, however, 
it must be admitted that this class of laljfmr-saving 
tools hj^s made very great progness.. 
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CHAP^rER XXIV. 

SAW AND CUTTKR SHARPKNINO MAOUINKS. 

The sharpening of saws other than by hand labour is 
of modern origin. The fly press- for punching and 
gulleting saws lias been in use for many years; but a 
maehine for topping, bevelling, and gulleting without 
the aid of a file was first introduced- into this country 
allbut the year 18*G5. This sharpening is performed by 
means of a revolving emery disc (or, more properly 
speakinlf, a disc containing a composition of emery, 
india-rubber, sand, &e.), travelling at the speed of 
some 5,000 feet per miniVte at its periphery. A ser¬ 
rated steel disc has also been tried, but with unsatis¬ 
factory results, except in the case of band-saw blades, 
when, in the R.iris International Exhibition, 1878, 
Martinier’s jiatent machine for this purpose was toler¬ 
ably successful, and attracted some attention. Messrs. 
Greenwood and Batiey, of Leeds, first made Parnneott's 
patent saw-sharpener about the year ip65, and a few 
years later p. Saunders’s patent machine of French 
origin was introduced. 

A new, form oi vitrified wheel has lately been tried, 
with considerable sucepss. In this wheel the material 
by which the grains of emery aie united in a solid 
ma.s8 is somewhat softef than the emery, and allows 
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tte worn-out particles of ouiery tti break away and 
new ones to present thems^ves. In the course of 
manufacture these wheels aK, burnt and baked, and 
can be made tj present any degree of ^lardnoss required. 

In j 874 Mr. Jame| ITa^'rison, of Tattenhall, 
Cheshire, too*k out a patent ibr^imjirovements in shar¬ 
pening and dieting saws. I^c claims, as novel.the 
arranging of the vice which holds the saw to be 
sharpened in V slides in a similar manner to tbfc slide 
rest of a lathe; so thaSo by means of a rack and pinidn 
or screw adjustment the operator is enabled to traverse 
the saw and bring ijt into contact with ''the revolving 
emery wheel, which is mounted in a frame that remains 
stationaiy, instead of being arranged lo traverse, as 
heretofore, for the^purpose of adjustment, whereby a 
much steadier cutting action is obh.ined. We pi j- 
sumc the novelty claimed in this ]iatenf is the apjdica- 
tion of a slide-rest vice to the special purpose of 
sharpening saws; but it affords an apt lilustraf ion of 
the very slender grounds of novelty on which 2 >atentB 
are often applied for and granted in this country. 

In the most improved machines now in use the 
emery wheel is mounted on a small s^el %pindle, run¬ 
ning in centres and fitted in a counterbalanced swing¬ 
ing carriage. This carriage can be brought down to 
the s*aw by hand, and by meiyis of quaifrant can be 
set to an angle to give any desired lead to the tooth. 
Where*a boy^s*employed to work, an arrangement cai* 
be fitted to regulate the .depth of the gullet and the 
pitch of the teeth* The saw to be shiyjienen is hold in 
a vice having both a lateral and transversb motion. 
The coitntershaft is .usually placTsd fit the back of the 
main fr.filing of the machine, jvhich should be east in 
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one piece. The bend giving motion to the emery disc 
passes over an idle pulley, svnd then directly on to a 
small pulley on the emery disc spindle. In a well-con¬ 
structed and well-worked saw-sharpener the use of the 
fly press for gulleting should be entirely dispensed 
with. If, however, ^ sow should be broken, it can be 
used with advantage t( cut it down aiu punch new 
teeth. The economical 'advartages accruing frcui tlie 
use of a saw-sharpener are considerable, it being 
capable of turning out at least ‘as much work as six 
men sharpeiiiug by hand, and of better quality, and 
the lead ot tcoth and depth of gullet can be exactly 
pro|>ortioned. Its use also should effect a total saving 
in files, although some operators persist in ‘ touching 
up ’ the saw with files after it has left the machine. 
This practice should always be discouraged, as the 
cutting action of the disc, in addition 'to engendering, 
heat in the points of the saw teeth—owing to the rapidity 
of its motion through the air—causes a cooling process 
to go on at the same tiimj, which, when the sharpening 
is completed, leaves the teeth with a considerable 
amount of hardness; they eonsetpiently wear longer 
than if left ■ .vilh theii' ‘ skin ’ s(jft, as is the case in 
hand-sharpening. The quality of the imiery discs 
should be undoubted, and of not too coarse a grit, ex¬ 
cept for heavy, rough work. (In the early introduction 
of this machine considerable disappointment and loss 
viis ociMsioned‘'from the unreliable character of the 
discs then rfiipplied: this i.f now no longer the ease. 
Fig. .'ll re]iresen|s a compactly designed machine, ar¬ 
ranged, trf shai'iien ls)th circular and straight saw.-<, 
by Mc.ssrs. Tliom'son, ISterne, and Co., Limited, of 
Glasgow. 
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construction. Whether it will stand the test of time 
remains to be proved. W e believe it has not yet been 
introduced into this country. Tlie saw blade is placed 
round two pulloysi and is sharpened by a small revolving 
disc of steel, which is be 'died on one edge and serrated. 
The Sitw is brought foinwird a tooth at a time by means 
of an automatic feed, ai d held in positioli by a spring, 
which is released as oiich tooth is sharpenedf when 
anothe.' is advanced. A. stop-piece is fitted to the saw, 
which automatically throws the'-inachine out of gear 
when the 8harj)ening is completed. A small apparatus 
was attached for setting the teeth, but of no special 
novelty. 

Messrs. J. A. Fay and Go., of Cincinnati, U.8.A., 
(“xhibited a clever little saw-setting machine, which 
gave to the teeth of the saw a blow similar to that 
given by the wdVkman’s linmiiier, insteiiy of a. pressure, 
as is usual in most machines for this purposi'. It is 
capable of vertical and lateral adjustment, according to 
depths and widths of teeth and gauge of saw. The 
amount of set is varied by means of an adjustable steel 
pointer, which is bevelled at the bottom to the ma.\i- 
mum set. The ijaw is set two teeth at a time, and fed 
forwanl by a paul and lever adjustable to the pitch of 
the teeth. 

For sharpening planing and moulding irons an 
ordinary Yorkshiie grifidstoiie, with a water of Ayr or 
similar class of stone attached, is still "gunerally used. 
Several atteihpts have been made to substitute emery 
discs, and we illustrate (tig. 311) a little'machine recently 
patented by Mi. Ilandyside, of Cllasgow. In the centre 
of the machine is i wheel suitable for grinding ‘straight 
irons, and at one end of. the spindle four emery wheels 



/f.vn CUTTER RHARVENTN(‘^ MACHINES. 225 

adapted for sliarpeiiitig moajdiiig Jl-oiis are fitted; at- 
Iho opposite end of the spjudfi* is au emery hone for 
finishing pyrposes. The ■water necessary is snpplie<l 
by means of a small pump, worked from ih(‘ counter-, 
shaft sliovvii at tla; back •f tlnf machine. Several ma¬ 
chines \v('ie shown at the n'ceu' .oxliibition in P.iris by 
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F. Arboy oi» were smuli emery 

discs, arranged io sharped tlie plane irons -\11hoiit re¬ 
moving them from tbeir bk)cks. In ^he ns(**of emery 
for t .isjjurpose very gn-at cavi^mijst be observed, or, 
the enttino edge of* the iron will be made too harl, 
and conibquently chip in the working. 




226 IVOOD^tVOR/r/MS MACHINERY. 

For sharpening long planesrirons a grinding-rest, 
with lateral and transverse movement, should be at¬ 
tached to the grindstone j' the iron should be held in a 
frame arranged h, set to any desired bevel, by which 
means tlie longest iron^.can wjthont difficulty be ground 
perfectly true. 

^t is very necessary ^fhat the grindstoite itself should 
be in good order, and true,on the face. For many 
years,.when the stone became untrue, it was the custom 
to,tnrn it tip with a pointed steel tool. This plan, how¬ 
ever, is very i^asteful, and in many establishments has 
given place to handy little apparatus for dressing up 
grindstones, patented by a Mr. Brunton some five years 
since. It consists of a steel disc bevelled to a cutting 
edge on one side, and keyed to a spindle which revolves 
ig a socket attached to a plate, 'fhe cutting disc and 
plate are made>.to traverse across the face of the stone 
by a l^and wheel and screw. The disc is fixed at an 
angle to the stone, and is pressed against it, the stone 
thus causing the disc to revolve at a speed on its cnt- 
ing edge equal to that of the stone. Any degree of 
feed can be put on the cutting disc,, which quickly 
removes inequalities, leaving the face of the stone per¬ 
fectly true, causing the smallest amount of waste to 
the stone and effecting a considerable saving in time. 

For grinding moulding irons some four Bilston or 
other sandstone grindstones, of some 18 inches diameter, 
ohould be mounted on a spindle revolving in a trough. 
These should be turned np to fit the outlines of the 
various mouldiqg irons. In addition to these fonr 
stones, two other fine grit stones are usually attached, 
to give the irons a fine cutting edge after they have 
been reduced on the shaping stones, 



CHAPTER? ’XXV. 

HANa-POWBE MACHINES. 

One of the most general operations in joinery is that 
of mortising, and there are few but the very smallest 
establishments that cannot employ a machine driven 
either by steam or hand economically. It is a matter 
of some doubt when a machine for mortising was first 
made in this connJry. Probably rotary machines driven 
by water power vvere in use at the «nd of the last 
century. However that may be, Bentham in his speci- 
(ications in 1793 distinctly claims both leciprocating 
and rotary machines; and it seems that he, in con¬ 
nection with his brother, Jeremy Bentham, was com¬ 
missioned sonje few years later by the Gevernment to 
lit up several of the dockyards with maohi'iery, amongst 
which mortising machines are mentioned. In the first 
thirty years of this century little or no progress was 
made, and very little appeap to ^have Been done in 
manufacturing machines for sale. Even in the year 
1848 the raa^wfacture was confined to a very few linns 
in this country, amongst^ which we may name the fol¬ 
lowing as the !»ost important:—\lfprssan.,’ London; 
Horn, London; Powis, James, and Co., Londmi; Robin¬ 
son, Rechdale ; Furness, Liverpool ♦, McDowall, John¬ 
stone ; ^orrest and Barr, Glasgow ; and most of these 



338 


WOOmvORKlNG MACHINERY. 



► Hi. I'UWhll iKiKIIHINf. .\M» lM)l.l'<i HIM.. 





HAND-PQWEk MACUtNES. 


219 


made only on a veryaraall gcale. ‘When we compare 
the large establishments ijow in operation, and the 
great rang^ of machines turned out, we cannot but 
admit that sawmill engineers have, to say the least, 
kept pace w^th ar»y othei»braerh of engineering. 

A mortising machine worl-eyl ty the foot y&s in¬ 
vented by ifr. John Mortimefr, of Aberdeen, in» the 
year 1^47; and the hand*power lever mortising machine 
was introduced into this country from Anierica®by Mr. 
Coulson, of ITork, abdut the same time. 

The mortising and boring machine we illustrate 
herewith (fig. 33), although somewhat '’modernised, is 
substantially the same as one brought out by Messrs. 
Wilson and Lewis, for the firm of Powis, James, & Ck)., 
in the year 1852, ^nd for the combinatio-n of the opera¬ 
tions of mortising, tenoning, and borihg in one machine 
letters patent were granted to them, xhe illustration 
does not show the tenoning arrangement, which, how¬ 
ever, is easily added. As a strong, well-made machine 
it compares favourably in the ratio of six to one against 
hand labour with chisel and mallet; the wonder is, in 
these high-pressure days of cheap production, that they 
are not more universally used than tjfey* are, as they 
would pay a. handsome interest on the amount invested 
if they were idle one-half of the year. 

The action of the inachiue is* easily understood^ 
Motion is giv^n to the chisef by a counterbalanced 
forked lever»(worked by one or both hands), which iS 
connected with a gun-metaf cross-head at the Jop of the 
vertical spindle two wrought-iron touble eye-pieces. 
The wood to be mprtised is placed on a t^le imme¬ 
diately heneath the •chisel. This table can be worked 
by the^iarge hand-wheel, which is nerhans the moat 
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convenient for light work, but for heavy work a self¬ 
acting arrangement can be vsed with advantage. This 
self-acting motion is gained by a side rod ffom the 
forked lever, acting by means of a stop-piece on another 
small weighted lever, at | he enl of which is, a wrought- 
iron pa il, acting on 'a .ti othed wheel which is fixed to 
a spiudle. A pinion on'this spindle works in a nvck 
beneath the table; thus, wheil the forked lever' is in 
work, a lateral motion is given to the same. It is 
easily thrown out of motion when Act wanted by moving 
the stop-piece. The chisel used is of solid cast steel, 
tapered somewhat on back and sides, which, after trial 
of hollow and many other forms, is undoubtedly the 
best for all practical purposes. It has a plain tapered 
end fitting into a socket. Some mukt.>rs fit a ‘ feather ’ 
on* to their chisels, with the idea of .always keeping 
them square to fhe work. 

This* I do not recommend, as after a time the 
‘feather’ is apt to get loose or twisted. Forked or 
double-mortise chisels haw also been tried, but with¬ 
out much success. This machine is adapted for doing 
any kind of mortising in soft or hard woods; in the 
latter, however, it is necessary a hole should be bored 
in the line of mortise to clear the chisel. It can be 
worked by unskilled labour, hence its great practical 
"alue in the Colonics as«well as at home. In fixing 
the chisel to commence work, press it up in its socket; 
making a light indentation in wood, reverse chisel, and 
bring same down again, anS ‘note that it falls square 
between gauge-liifes. In wedging a nlortise, it is only 
necessary to raise one end of wood apd make the wedge 
cut before removing same. To take the jar off the 
cross-head at the top of •/ertical spindle (which is cou 
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siderablc in hard wood) an ijidia-rilbber washer about 
an incli in thickness is fitted rn spindle immediately 
beneath it., The boring motion needs no explanation, 
it consisting merely of a pair of bevel wheels worked 
by a handle ;-hich gi^ es rotaTjy motion to the spindle, 
and an auger^is inserted in thej|spiAdle socket ir. place 
of a chisel. The tenoning ariangement consists of a 
pair of adjustable bevelled knives, fixed to a forked 
tool-holder, fitted into the chisel socket, and vfljrking 
in a slide fixed to the Vable. 

The operation is the same as for mortising; the 
wood, however, is cut away on the edges, and the tenon 
is left in the centre. Tenons can be cut rapidly in this 
manner, but great care is necessary to keep the knives 
in order, as they ore, even with careful management, 
apt to spring, thus cutting an untrue tenon, thicker at 
the bottom than at top. When mortises or tenons 
have to be cut or holes bored at an ang’.?, the table 
which holds wood can be arranged to cant and fixed to 
any angle desired; by means'of a quadrant and pointer 
worked by a worm and worm wheel, it can also be made 
to rise and fall when the work varies very much. Some 
few machines worked by the foot are iii* use ; they may ' 
answer tolerably for very light work, but for the general 
rough work of a builder’s establisliment^they are of 
little value. 

In 1861 fifr. Jackson, of Leeds,,, patented some 
improvementls. in the method of operating hand-levdt 
mortising machines. 

In the year \876 Mr. John PhHlips, qt Loudon, 
patented some improvements in iiand mortising ma¬ 
chines, the chief of which was the mounting of the 
hand l^cr at the upper end <£ a rocking fulcrum bar. 
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Recently also a inacline lias Leen«patented with two 
separate vertical slides (one *lio’dii)ff the mortise chisel 
and the other the core driver), fil ted to the main 
standard of the machine. These are worked hy two 
separate liaeil-iov'^rs, attuched to which are the rock¬ 
ing’ side-rods, ’'diieh allow tin; ehfeel to have a greatly 
increased stroke, thus obviating the necessity of rising 
and falling the table to* suit different thicknesses of 
stuff. The cliisel has a stroke of 11 inches, atid this 
plan should be fonnil advantageous •■.■I'.en mortising 
right through a piece of wood; but when a mertise 
is to be made only half-way through, the ordinary 
form of niachini’ is preferable. Various minor iin- 
provements have been introduced int<j hand mortising 
machines by H-.iigh, tt. Wilson, (Ireen, and others. 
Tn the pi'psent year (1879) Mr. ,J. Phiilips has patented 
an improved revolving tool box, esp*cia]ly adapted 
for mortising niaehine.s. The different tods eit ployed, 
such as the mortise chisel, core-driver, tenoning tool, 
and boring hit, are fitted to the tool box in a simi¬ 
lar manner to the have of a wheid with four spokes. 
These arc arrenged to turn round on an axle, and are 
held in any desired position by means,dr a spring bolt. 
Thus after a mortise is cut the box can be revolved, 
and tin' core-driver brought into position^to finish the 
mortise at once, obviating the coustant alteration oj. 
tools or movinjr of wood. This arrangement is now 
being introduced by W. R. Reynolds and t’o.. London.* 
Hand-power saw beneju’s with and wiflio'it combi¬ 
nations of band sllwing machines, &c.,»havc been of late 
somewhat e.xteusively introduced; and for (Ight woi-k 
and whi»re steam is not availabre they are doubtlessly 
of cousi^Srablc use. The machine herewith illustrated 
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(lig, 34) is from tho designs of Alossrs. 0. Pbwis and Co., 
Millwall Pier, E., who are, we believe, tlie original in¬ 
troducers of these coinbinatfcns; its working is simple, 
and is easily understood from the engraving. The cir¬ 
cular saw is driven by a .belt from the fly-wheel shaft, 
to whicfc also is fitted fjJt and loose pulleys to drive by 
steals if desired. This motion is easier aiid considered 
far preferable to the method pursued by some makers, 
of geafaig a toothed wheel directly into a pinion on 
the'saw spindle. The spindle istfitted in a slide, and 
aiTanged to rise and fall for tho purposes of grooving, 
rebating, &c. 'One end of saw spindle is bored to re¬ 
ceive augers. 

A very useful addition to the machine is the small 
cross-cutting slide shown on the top <4 the bench. Thu 
basd saw is arranged to run over three pulleys instead 
of two, which Is an improvement, as' it renders the 
tension ■ on the saw much less than it would be when 
running over the small wheels, and the breakage of 
saws is considerably lesssned thereby. This machine 
is worked directly from the spindle, and the necessary 
tension is given to the band saw by a epiral spring; 
the table is ajsd,p,rranged to cant to 45° for bevel-cut¬ 
ting. This machine should be useful to chairmukers 
and others who do much light irregular sawing, espe- 
icially if worked by steam- An improvement in working 
hand-i)Ower benches hds recently been^ introduced by 
Messrs. Olley^ of Southwark. In consists in making the 
circular sjiw to cut up-hiU dgainst the wood iustead of 
down. I}y this means the drag on thrf saw is very much 
reduced, tne driving power, of course, being lessened 
in proportion. 

Several forms of hand mitreing machines ibKf shoots 
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ing ’ the laitres of piotai’e iVa^nes, &Tj., have been con¬ 
structed, with more or less success. One of the first 
machines made had a motion directlv vertical to the 
wood ; this was secured by a pair of right- and left-hand 
knives fixed ».> a cast-iro!! block working in a vertical 
guide, and operated on by a levt'r; t'kis gave an up-and- 
down or ‘ chopping ’ motion. The knives were set to 
an angle of 45°, but with* a little alteration the angle 
could be varied, if desired. The knives required, con¬ 
siderable care to enable them to cut any length of time, 
but some operators even now prefer this machine to 
others of more recent date. 

Some six years since a patent for an improved 
mitreing machme was taken out by a Mr. Shute, yf 
London, and we Isslieve considerable numbers of this 
machine have been made. The improjement claimed 
is that, instead of the ordiuaiy vertical action across 
the grain of the wood, the moulding to be operated on 
is set on edge and the knives made to cut in a diagonal 
direction, thus operating more or less with the grain of 
the wood instead of across it. 

A double mitre-cutting machine has also been re¬ 
cently patented by Mr. Bowman, of Loudon. In this 
machine two cutters are arranged in slides, working 
diagenally at right angles to each other; .these cutter 
slides are worked by means of a leVer and two toothed< 
wheels which gear into each other aad into racks of 
corresponding pitch, which^ are fitted to gither cutter 
slide. The knives are ca;^able of cutting the moulding 
to a required length, and at the same l^ime mitreing it. 

Several other machines have,Beep made, the knives 
being givgn a horizohtal motion, &c., but we are afraid 
the marine has yet to be invented that will cut true 
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for a coiitinnaiico \vithout splintering or leaving ragged 
edges—say, bolectiou or gijt mouldings, for instance. 

There are some few machines made for fret-cutting, 
boring, &c., by tand or foot power, but as they are 
chiefly used for light pruamieutal V'ork, ,they hardly 
come >^thiu the sco{)e,olf this work. 
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OOBKWOOD-WOKKINO MACHINERY. 

The writer has recently spent a considerable amount of 
time in perfecting several machines for manipulating 
cork wood. This, owing to its elasticity and yielding 
properties when under the action of the cutters, is a 
difficult material to operate on. For rounding cork 
wood for iMittle Jorks, bungs, &c;^ the best jdan ttj 
pursue is to mcuut in an adjustable slide with a hori¬ 
zontal motion a plain steel knife some 18 inches long, 
which can be kept constai.tly sharpened by means of 
small revolving emery wheels bearing directly on its 
cutting edge. The cork wood to be roundi'd is secured 
between spriu^g chuck centres, and when horizontal 
motion is given to* the knife a rotary wotion can be 
imparted to the cork wood by means of a lever and belt. 
The slide carrying the knife should be arranged to 
swivtl. and be adjustable to varying sizes «f corks, and 
also adjustable vertically at eiflier end; thus by lowering 
the slide at (mi end and making the knife to travers# 
diagonally taper as well :is cylindrical eorks can be 
cut. Chucks fitted with several steel^needle-Jioints are 
to be prefeiTed for general purposes, as the •dork wood 
is veryj-apidly fixCfd in them a»id the slight indenta¬ 
tions u^de by the steel points disappear. The chucks 
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witfy gucci^t tha parpose » ctreahr nrohing sM 
knif*‘ffrourtJ sharp at its poripherj, and the corirwood, 
which, is cut iti the first instance to the shape the 
sheets are ioq<iiivd, is fixed in fi movable chuck-plate, 


arnuieeci to h'roiro bj hand and fitted with an ex- 
tremefy delicate feed-motion for bringing the cork wood 
to the knife, or vice verm. 

Cork wood is largely employed in the manufactnre 
of different kinds of floor coverings, such as cortieine, 
&f. For this purpose it is necessary to reduce it to 
the very finest'powder, such as would* pass through a 
70-mes)i sieve. The production of this must be set 
down as perhaps the most difficult of all operations in 
wwd conversion. If it is passed through a high¬ 
speed disintegrator, making some 3,-500 revolutions 
per minute, the bulk of the product is. far too coarse 
for the purpojet required. Ordinai'y edge-runners will, 
with sifting, pro*duce the required fineness of powder; 
but this is at the best a very slow, and therefore an 
exi>en8ive, process.. The. writer has made a variety of 
'experiments in this direction, which have more or less 
bailed in their object; but he is now engaged In con¬ 
structing a* machine in uliich rubbing and cutting 
actions are combjned, and he has so fur every reason to 
believe this arrangement will have the desired result. 
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A. LAEGE number of inacuines have been produced from 
time to time for performing the many special operations 
required in the conversion of timber. Many of these 
machines are made for or by the users, and often em¬ 
body in their construction i)oint8 of great ingenuity, 
which the owners keep to themselves. Possibly iii 
these days, when the rule seems to be^‘ Live on otTier 
men’s brains if you can, if you cannot use your own,’ 
they may not be much to blame in not making known 
an idea from which, owing to more i-apid and econo¬ 
mical production, they derive an extra gain. These 
inventions or improvements are usually mede by small 
masters, or men operating the niachinq,s,,who, owing to 
slender means, are unable to pay fhe high rate of 
patent fees in vogue in this country to protect their 
ideah, and have perhaps found to their cost, in conjunc¬ 
tion with many others, tha\ .the* recompense arising 
from workii^Yor the public good mtfy be represgntqjl 
by the algebraic term z. • America, on d.he contrary, 
rejoices in a low»patent rate, and do^ibtless this has its 
objections; but we think it may^be cited a»t>no of the 
several»reason:i wlf;' America i» enabled—althoogh af- 
fordin^her producers a higher rate of pay—to compete 
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witli ns successfully at ouv vesy doors. In many of 
the machines of Anicrica'u construction known to the 
writer, although they are certainly not superior in 
design or worknl!fn.ship to Knglish-made machines of 
the same chuss, they seem to -him h)‘bo carried further 
and made more complete in tlwiir general details and 
range of operation, small and effective ‘ notions ’ being 
introduced; increasing little the first cost of tile ma¬ 
chine,.but adding greatly to its economic production 
when multiplied by a series of nonths or years. 

Amongst 'miscellaneous lUiichines for converting 
wood tho^e for finishing the surface by means of sand 
paper are deserving of mention These vary in con¬ 
struction according to the nature of the work requirijd. 
For finishing doors or other large surfaces usually a 
number of flexih'e' aians are attached to a column or 
bolted bv meani of a bracket to a wall.' By the use of 
elbiov joints these arms are arrangisl to move in any di¬ 
rection. The sand ptiper is fastened on a ilise which is 
mounted on a vertical spindle, and receives motion by 
Iwlt gear. A flat surface is thus presented by tin! sand¬ 
paper face of the disc to the wood. The arti(de to be 
finished is pieced on a. table immediately Ixuieath the 
revolving disc, wliich can he adjusted to different thick¬ 
nesses of work by a hand whetd and screw or other 
suitable nieaiis. The pressure of the disc can be regu¬ 
lated by a spring, and an exhaust fan should lx; attached 
for the removal bf the dust, thus enabling-the operator 
to see at a ghince when tho right amount of finish is 
attained.' For stpaight, flat surfaces (the sand paper is 
sometime^ mounted on a cylinder or drum placed im¬ 
mediately below a tattle, but part of its p< riphery 
projecting slightly above its surface. The w od can 
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either bo passed ov(!r the fiaco of the dram by hand or 
a self-acting roller feecf can b# fitted, similar to that on 
a light planing machine. •'I’he face of the dram on 
which the sand paper is fixed shoulAbc covered with 
some modcratei} flexible material, and the drum should 
be adjustabbi verfccall^ \o vary yio .amount of the 
cutting actioi* of the sand paper.' 

For turning broom handles and such like •cylindrical 
rods several machines are in use, varying chiefly in 
the arrangement and shape of their cutting tools. 5'or 
rounding purposes a hoftow mandrel is usually employed, 
into which hollow chucks arranged wiU‘ knives are 
fitted; these chucks vary in their bore according to the 
sizes required. The wood to be rounded is either pushed 
through the chuck and mandrel by hand or by the aid 
of self-acting feediflg gear. One patei^ted by Messrs. 0. 
B. Rogers and Qp., of Norwich, U.S.A^ and .<hown at 
the International Exhibition in Paris, 1878, is some¬ 
what novel. It is self-feeding, but docs away entirely 
with feeding gear, the cutters being arranged in the 
hollow mandrel through which the wood passes in such 
a manner that a kind of screw feed is given, which, 
after the cuttera first strike the wood, gulls it through 
without extraneous aid. The mandi^l is speeded to 
make 3,000 revolutions per minute. 

Atvery ingenious machine for turning oars was in¬ 
vented and patented by one Ezekiel I’age, an American,* 
in the .year 1842, by which he was eilabled to sliapeb 
two oars out of a piece of yood where on» only before 
had been obtainei^ the remainder be^ig cut to waste. 
Our space, however, unfortunately^ forbids ai^bxtended 
notice. .About the^ear 1855 a»maehine for dressing 
oars on^ijteele’s parent was erected at the Royal 
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Dockyard at Cliayiam; The wood' was first roughed 
out by two sets of circular saws monuted upon swivel¬ 
ling cylinders, arranged to' turn on their centres, whilst 
a sliding bed allt/K-ed them to advance or retire from 
each other by the action of jn adjubtable ‘feeler bar’ 
or tracer. After the wood passed through this machine 
it had the general outline of an oar, but \Vith rectangu¬ 
lar section; it was then passi'd to a finishing in;ichine, 
when the loom and blade were finished simultaneously 
by,two sets of cutters. ^ 

Mr. G. L'. Moleswoith, in his paper read in 1857 
before the Institute of Civil Engineers, mentions several 
machines for sawing curved ship’s timbers, including 
one invented by a Mr. Hamihon, of the United .States, 
and another by Jl. Normand, of Havre. In Mr. Hamil- 
tiin's machine two straight saw-blades were attached 
to buckles amr.iged to turn on their ventre.s whilst in 
motion. These saws were mounted in swing frames 
formed of hollow wrought-iron bars, to combine strength 
with lightness. In one .large or e.xternal swing frame 
two internal swing frames were arranged, with a trans¬ 
verse sliding motion along the e.vternid swing frame. 
Each of the aiuvs which were mounted in the internal 
swing frames were turned on their centres, and guided 
by the workman to any line marked out on the limber 
by a forked lever of wood apjilied to the back .)f the 
■saw. The timber was arranged to sw'ivel on its axis by 
uneans of gearing, thus cnaliling a variable bev,d to Ise 
cut as it wffs fed forward. • 

A method f(|f ensuring accuracy in sawing ship’s 
timbers varying laivel, obviating the necessity of 
trusting entirely to'- the eye ot the workman, is 
worthy of notice it was invented by a Mr. yi;ecu some 
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five-aud-twenty years ago. The in^chiue was fitted 
with a small roller, worked iSy .mitable gearing, and 
the travel of its periphery was made proportional to 
the feed of tlio ‘imber through the sshv's. A tracer was 
attached by (j-. arih" to th€^ swivelling centre of the log, 
and indicnled any beve’ given to the wood. A small 
diagram of the required bevel was drawn to scale ^nd 
wound ♦round the roller;,the tracer was kdpt on the 
lines of the diagram as it slowly revolved by me ans of 
a screw, and the log wrs cut to a bevel corresponding 
with the diagram. 

The novelty in M. Normand’s machine for cutting 
ship’s timbers consisted in the method employed for 
supporting and feeding the timber. The log rested on 
four horizontal roljfrs, which were capable of moving 
in the same plane, so that their axes may be either 
parallel or in snOh a position that the fmagina,ry lines 
formed by the production of their axes shall meet at 
the centre and be portions of radii of a circle of large 
or small diameter, as required. By means of a handle 
the positions of these rollers could be altered, and the 
log caused to travel through any segment of a circle, 
the centre of which was indicated by the roller axes; 
and as this centre could be altered whilst the machine 
was in motion, the curve described to could be varied 
to any extent. A frame, upon whiph the 'rollers were 
supported, was arranged on a longitudinal axis, so as to 
bo canted with the rollers and the log to any desire(> 
angle. A ratchet movement was added, to make this 
movement self-acting if required. 

Amongst other machines mentioned id this in¬ 
teresting paper was a simple o.i(» for rounding wood 
for bi^oom* handles, &c. This ^was the invention of a 
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Mr. Wilson. In,this niacliin|t a cylindrical gauge 
cutter and a paring too? in the form of a disc were 
employed. They were arranged to turn in their sockets 
as required, tliusf*{)resenting continually a new cutting 
edge. 

In 1868 Mr. Ji Sanders, of New York, patented 
a sqmewhat jiovel combination of circular saws and 
cutters foi'’ mitreing tlie joinjts of rectangular frames, 
such ae .are used in looking-glasses, pictures, and win¬ 
dow frames. At either end of a spindle, which revolved 
in hearings tiicd at the top of an iron frame or table, 
was mounted an annular circular saw. These saws 
were not mounted in the usual way, but secured to 
turned wrought-iron flanges or washers. These flanges 
were bolted to hollow circular cijtler-blocks, which 
w^ie fitted with three or more plane irons, arranged to 
project slightly^beyond the surface of the saw plate ami 
plane tjie joint of the mitre smooth after it was cut by 
the circular saw. These plane irons were fixed in 
recesses in the circular cutting block at an angle of about 
45 degrees to the face of the plate, and kept in their 
places by means of wedges actuated by screws. This 
plan leaves avloar space for the dischargt; of shavings, 
&c. The wood to be jointe<l is placed on the frame, 
sliding horizontally on the top of the table, and fitted 
with fences*at an apgle qf 90 degrees to the face Of the 
saw. This sliding frame is fitted with stop pieces and 
•index plate, by which the lengths of thi> frames to be 
jointed can* easily Ihj regulated. The sliding plate 
works longitudinallly on V’s, and can either be pushed 
past the'Siws and cutters by hand or self-acted by 
means of a rack ahd pinion actuajted by woriir gearing 
fixed on a countershaft ^t one end of the muCkine. 
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[n 1853 Mr. W. Kaida11,^of Bliwith, Lancashire, 
took out a patent for impr<;' cements in machinery for 
turning aiK^ hollowing wooden boxe?, or cutting out 
jolid A.ood Into boxes or other receptacles of a like 
dass. The apparatus eoheisted in generai form of a 
horizontal spindle, carrying a species of chucki which 
was fitted with a projecting circular gailge of the^ize 
ef the outside of the Box to be hollowed. In the 
centre of the chuck and gauge was a cutter made up of 
a small tool, fitted into a second revolving chuck in 
such a way as to permit a small portion only of the 
cutting edge to project. The wood blank is turned in 
a separate lathe. This blank is placed with its axis co¬ 
incident with the axis of the cutter spindle; it is urged 
longitudinally forward by a runner its end being in¬ 
serted in the gauge, whilst the revolvirjg cv.tter scoops 
out the ivood. The cutter and its position as regards 
the centre of revolution .vere so an-anged as to cut the 
hollow to the required gauge of box. 

Amongst miscella.neous wood-working machines 
must be mentioned Messrs. Greenwood and Batley’s 
machines for manufacturing gun stocks and other war¬ 
like materials. Several series of these machines have 
been erected by them for the Government at Woolwich, 
Enfield, and elsewhere, leaving little in the manufacture 
of a gun stock to be perform#! by hand, the recess foi 
receiving the lock even being cut out by mechanical 
means. This operation is novel and somevh.at difficult 
to perform. A series of five cutter^ are mounted on 
five separate spindles, each fitted in a separate slide 
arranged in a rotat'ng circular frame. Each slide has 
a vertical .and horizontal movement. The gun stock 
and a hardened steel model of the recess required to be 
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out are fixed on 'a table sliding horizontally at right 
angles to the horizontal,motion of the outter slides. 
The cutter spindjes run at a high speed, an^ are brought 
into operation in succession, and by compounding the 
motions aiy shaped recess 'can be,* accurately formed, 
each gutter being governed by ti ‘ tracer,’ which trarels 
om* the surface of the required model. 
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CHAPTER XXVTTl. 

MTSOKLLANEOUS MAOHINEUY FOH WORKING W»OD— 

I contirvued. 

SeveeaIj attem])ta have been made to supersede manual 
labour in felling trees in the forest, but, owing to the 
difficulties ot situation or manipulation, hitherto with 
only qualified success; and although jjossibly under 
special circumstances mechanical Veans may be em¬ 
ployed economically, we are of opinioft tliat the day is 
far distant when the sound of the woodman’s iixe will 
be banished by steam machinery. Inventors in this 
direction include Thompson, Fous^que and Cordes, 
Bansome, and others. Thompson exhibited an appa¬ 
ratus for this«purpose as far bach as our International 
Exhibition of 1862. This consisted #f a couple of 
saws lot into an endless band reeiproenting between 
Iwo.pulleys. One pulley was fixed on cither side of the 
tree’to bo felled, and one of IjJiem •yas arrifnged to pivot 
in a circular ^egmeutal slide'concentric with the sfS- 
tionafy puMey. The saw was fed into thi' tree by 
shifting the saw frame ttiwards it radriilly upon the 
fixed pulley as a*centre; after the tAi'C was cut half-way 
through the saw was moved to the other 'Sfde and the 
operation repeated. 

A few years since Mesa's. Ransome and Coi, of 
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London, patented & machine for*'felling and cross-cut¬ 
ting trees. This machin'e^ briefly consists of a steam 
cylinder of small diameter, but arranged ^ith a long 
stroke. This cyfihder is mounted on a wrought-iron 
frame, and arranged to pivot by meav>s of a.hand wheel 
and wqpm, gearing'into a toothed quadijant fitted to 
the back of the cylinder. The saw is fixed directly on 
to the end of the piston rod, and arranged to travel in 
guides; the teeth of the saw are formed to cut only 
duping the backward stroke. The cylinder is supplied 
with steam from a portable boiler by means of flexible 
tubing, and the machine, when used for felling, is at¬ 
tached by a screw to a trident-pointed bar driven into 
the tree itself. After the saw has progressed some little 
way in its cut wedges are driven into it, to prevent the 
saw being pinched or buckled and to guide the fall fif 
the tree. Four men are required to manipulate. 

Another method of felling trees by means of re¬ 
volving cutters has recently been tried, but without 
much success. The plan' pursued was to mount in a 
frame a lever carrying two arms, which were adjustable 
horizontally to the size of the tree. On these arms 
were mounted'rcVplving cutters, which made an incision 
into either side of the tree; to keep the machine taut 
a chain actuated by a winch was attached to the frame 
;jnd encircled the tree. 

A portable tree-feller and sawing , machine was 
{fatertted by W. H. Smyth in 1878. It cohsisted of a 
reciprocating saw, united by a connecting-rod with a 
cross bead^ workin'g on guides. The guides are loosely 
united at their rear ei'nl with the driving axle, so that 
they move round it as a centre as the saw makes its 
cut. The driving crank is formed in this axle feetween 
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the guides, and is coi>nected with the conneci.ing-vod. 

A lug on the latter actua^ a paul gearing with a 
ratchet on the end of a spindle, to the other end of 
which is fixed a pinion gearing with a rack formed 011 
the frame at the upper end of the machine, so that at 
.each stroke the saw is fed forward Into the cut.. 

In 1874 also I’ous^ue and Cordes, of Paris» pa- 
tcntett-'*au apparatus for oottiug down trees. 

An antifriction or rolling cam-press for exUracting ' 
the stumps of trees, fthe invention of Mr. Dicks, an 
American, should be mentioned; although it has never 
come into much use, it was of great strength, and 
possessed several features of novelty and interest to 
engineers. 

During the erection of our International Exhibition 
of 1851 a series of machines were designed by Paxt.m, 
Birch, Furness, and Cooj)er for cutting gutters, shaping 
hand rails, sash bars, ^’c., and sawing, planing, and 
moulding the various wood work used in the erection. 

A considerable number of patents have been ob¬ 
tained in connection with c.srving machineiy. Mr. 

J. Gibbs obtained one in 1829 for a machine for 
shaping and recessing in low relief, shaping busts, &c. 
Irving’s patent in 1843 consists chiefly of improvements 
and modifications of Gibbs’s, but he claijns all com¬ 
binations for carving in which the swing frame carry . 
ing the cutters and table carrying the wood have both 
circular motions. 

Jordan^ well-kiv^wn system of carving machinery 
by means of revofving tools was patented in > 845. It 
was extremely ingenious and nbvel in many of its 
working* details, but, being somewhat complex and 
elaborati?, has never come into extended use. Sopie 
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ten yi‘ii'rs atlev a aarving machine was iiiveiiteil by M, 
Mathieu, a French enginbor. It was made up of four 
motions, consisting of the direct rotary action of cutters, 
a traverse motion, and a transverse motion of cutters 
and a raising and lowering astion of! the wood or other 
matcri^il under treatment. 

A number.of machines have been designed for the 
manufacture of wood interiors of railway carriage 
wheels. Complete sets of machines for this purpose 
ha're been erected by Messrs. Qireenwood and Hatley, 
Robinson, &c. 

Messrs. Greenwood and Batley’s series of machines 
includes an upright circular-table planing machine for 
planing the blocks of wood for the inti'rior of the 
wheels before being jointed into tij.bs. 'I'his machine 
wrs arranged with a horizontal rotating table, tith'd 
with dogs for holding six blocks of wood. On each 
side of>tliis tabli; is a standard carrying a slide with 
headstock and vertical spindle; the lower end of this 
spindle is fitted with a rotating ann and cutters, similar 
to a Bramah planing machine. The table is made to 
rotate slowly, and each block of wood is brought in 
succession uiidijr one of the cutter arms, which sur¬ 
faces it on the upper side; the block is then reversed 
and again passed under the cutters ; it is thus planed 
to an accurate thiokness The cutter heads are made 
adjustable to Vjirying thicknesses of wpod. In another 
'machine the o[)eratious of sawing, tenoniug, and adzing 
the blocks are combined. 'The blocks or tabs are sawn 
to the outside c^ameter by means of a band saw. Ten 
tabs are held in a'horizontal rotating table, which, 
as it rotates, brings t'he outer edge of the tab'm contact 
with the saw. The ,8aw is arranged with vertical, 
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lateral, and canting Idjustmeiits tfo cut the tab to the 
required diameter and bc#'ol. In the interior of the 
before-memtioned table a jigger o),^^recipi‘ocating fret¬ 
saw works and (vits the inner edge of the tsib to the 
required dtometer of the nave boss of the wjjeel. The 
table cbntiiiaiiig to rotate slowly, tlie periphei^- of each 
tab, a^er being sawn, is brought under the, operaIfiou of 
a pair of cutters inoun*ted on two adjustable spindles' 
working horizontally, which rebate the tab Sn either* 
side. Following thi8,*the periphery of tli/i tab is opcjf ated 
on by planing cutters mounted on a vertical spindle 
which smoothes the sawn surface, and iuiother cutter 
mounted on a vertical spindle chamfers off the interior 
edge of the tab to fit the corner piece left between the 
fiange and the bSss of the nave. 4-3 each tab is finished 
it is replaced by another. 

In Messrs. Eobinson’s machines for making ‘ Man 
sel’s patent wheels ’ the blocks of wood are ?dged and 
divided on a circular saw bench with two adjustable 
fences, which can be placed at any desired angle to each 
other; these are arranged on a dovetail slide, which is 
carried through the saw by a screw and bevel gear witl^ 
quick return motion, and is so arrariged that it is auto¬ 
matically thrown out of gear as each block has passed 
thd-saw. Another machine of this seriesds anunged to 
bore out the centre of the'wheel to receive the b.ss. 
The «nain jjoftng spindle is fitted with a screw, whijh, 
in addition to bringing tlje spindle dowi> “^o its work, is 
used for forcings tHe boss of the wjjeel into the centre. 
The circular table is made to revolve horiiioutally, and 
fitted swith a catcii which divides accurately each revo¬ 
lution^ the table into as many parts as there are holes 
required for bolts to secure* tbe boss of Ihe wheel in 
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its place. These holes avf bored by a supplementary 
spindle. 

A number of machines for cutting ma'i.ch splints 
have been made, including one patented by .John Long, 
of Glasgow, in 1865., The improvements iierein con¬ 
tained ulate to an ar/angement and coihbination of 
certain parts of mechanism, and have for their essential 
object the cutting or dividing of timber with rapidity 
into small pieces, such as those used in the manufacture 
of lucifer matches, pencils, or other generally similar 
purposes. The .apparatus consists of a strong iron frame, 
in the lower portion of which the main shaft revolves by 
means of a belt actuating a pulley fixed thereon. At 
one end of the shaft a fly wheel is fixed, at the other 
end a crank or caip is attached, and a connecting rod 
extended from this to the movable block or frame 
carrying the knife or knives by which the vertical cut 
in the wood to be divided is made. As the cam or 
crank revolves, its eccentric or circular motion is 
converted by means of the connecting rod into a 
vertical reciprocating motion of the knife or knives. On 
the top of the .fisimework V or other shaped slides are 
fixed, and on these travel the .saddle or table carrying 
the pieces or blocks of timber to bo divided. The table 
is furnished with two gutters above, into which the 
K^jcks of timber previoivsly cut to the required shape 
aje plficed. The table is caused to travel,horizontally 
on the slides, and thus the faces of the two blocks being 
cut are alternately, brought in front of the knife or 
knives. Th<. horizontjil movement is imparted to the 
table by means of a cam fixed into the main shaft. 
The cam is grooved, and into this groove feviters an 
antifrictional, poller on a stud projecting from the side 
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of a strong lekvcr. Therefore as the cam revolves the 
lever is caused to vibrate: j.iid its upper end being 
coupled Co the saddle or taWe, the two blocks of wood 
impart the necessary horizontal motiop. to it. Attached 
to that portion ot the framework in which the vertically 
acting kiiift' or knlves^are located ^s a projecting set or 
sets of kniv?s, which cut into the blocks of Aood as 
they ajternately travel before them. By these nfeans 
the wood is first divided into a niimber of horizontal 
strips, needing only the downward motion of the knife 
to separate them in tlie form of rectaiigalar bars from 
the block or blocks of timber. The splints are thus at 
once produced in a state fit to bo used for any purpose 
before described. As soon^as one downward cut has 
been made, the table travels back te its former position, 
and the other block is similarly trcate<l. It should be 
mentioned thah the table is fitted with two ifets' of 
forwarding geai', by moans of which, as soon as one set 
of splints have been cut off the block of wood, it is foi’ced 
on a distance sufticient to stljow an equivalent portion 
to bo divided or cut oft’ foi- the next set of splints. 

Our illustrations (tigs, 36 and 'iti) represent a ma¬ 
chine designed by Messrs. Kiehiirds and, Atkinson, of 
Manchobter, for sawing to exact finfshed dimensions. 
For this purpose especial care has been taken to ensure 
the vttniost accuracy in the working details.* As will be 
seen from the drawing, two fa,ws are mounted in^’ 
swinging frann?, either of which can re9,di!.y be brcyight 
into use by the worm gearing for ripping, moss-cutting, 
or grooving, as nja/ be desired. Tl%i driving band is 
so arranged that it retains its proper driving'tension at 
any position of tlift saws. For* cutting out printer’s 
reglets, ^i*curatc [lattern, or other similar work this 
machine should be of considerifblc service. 
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Oiir spaci' precludes o,u- iioticiyg the various ini- 
proveiHeiiUs introduood into (ordinary latlies fo 7 - turning 
wood, but, wo liorewitb illu,fl,rat(! onn (fig. 37) designed 
for copyii,^» special ^.nd fixx-d work*, by F. Arbey, of 
Pans. T' IS coiioYucled ^br cutting twisted or straight 
flutings, aud^otlier orijaineiital woi-k usually found in 
various kinds of furniture, such iis the bgads aifd flutes 
in tabki logs and cohunn^. Altliough the patterns*it is 
capable of copying appear somewhat coinjd^x, the 
action of the inachiuo k positive; but it can be altered 
and varied very considerably. The speed*of the cutters 
is adjustable to suit different kinds of work, and the 
designs arc readily altered. Altogether it inusl lie 
held to be a very fair example of its class. 
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CHAPTEK XXIX. 

MOTIVE POWER FOR DRIVING W'OOD-WORKING MACHINERV. 

The earliest p.iotive power used for driving wood-work¬ 
ing inachinerv was that produced by the water-wheel 
and wind-mill. The latter has entirely fallen into disuse; 
but a great number of water-wheels are still in opera¬ 
tion, and, where sufficient water can be obtained, it is 
undoubtedly the most econoinical' power available. 
Turbi.'es and other forms of water eng.hies have of late 
years been introduced, with more or less success; but, 
as a sufficient fall or head of water is seldom (o be had, 
steam must of necessity be the power most generally 
employed. The different typos of engines are • as thick 
a.s leavc's in Vallambrosa; ’ and when a user is con¬ 
fronted with {(ij-eylinder, three-cylinder, rotary, oscil¬ 
lating, Ac. &c., afl warranted to effect wonderful results, 
no wonder he finds ‘confusion worse confounded.’ 
From a somewhat extended experience the wri'.er is 
tf opinion that for drivmg wood-working machinery, 
.except under cdhtain special conditionsf, the most eco¬ 
nomical and«convenient forip of migine is the horizontal 
high-pres'.-jure, fitted with a condenler* as by this means 
a vacuum <»s formed behind the piston, relieving it of 
back pressure and gi"ing an increase of pow*’r and a. 
consequent saving in fuel. We will not here dwell on 
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the extremely ghort-sigliled iwlicj* of employing an 
engine of a low class. This <ias been urged over and 
over again ^ but, tempted ^y a low first cost, numbers 
of people mey still be found to pufShase these miser¬ 
able prouuctionsjj whiclt have already considerably 
damaged the^high character for design, materials, and 
workmanship once held by English-made engines in all 
. parts of the world. So much having been done in that 
direction, it would be out of our province to Write at 
length on the econongr of the steam engine; bntrwe 
take it that an engine for this class of work, to be 
really economical, should combine in ifs construction 
the following points:—(1) a stroke of at least twieo the 
diameter of the cylinder; (2) an efficient condenser; 
(2) an autcniatic»expansion slide, controlled by sensi¬ 
tive governor ^ear; (4) a steam-jacketed and kgged 
cylinder; (5) short steam-ways; (6) all*hearing surfaces 
well fitted and lubricated, and an eflScient method of 
packing; (7) large cylinder area for nominal horse¬ 
power ; (8) fly wheel of las’go diameter and extra¬ 
heavy section. In addition to these points, as the duty 
of an engine for saw-mill purposes is often very severe, 
gre,at care should .be taken that thS ‘materials and 
workmanship employed .are of the first class. The 
cran]^ shaft, connecting rods, &c., should,be inade'TJf 
the l)est fagoted scrap-iron^ the piston rod, kej^ 
pins, &c., of st^-el; the bolts, joints, &«., subject to any 
special weaf should be case-hardened., All glands 
should be bushed with gun metal, ai;d the gujde blocks 
and crank-shaft fe:arings made adjustable fgr.wesir. 

If power has tc^ be transmitted ,a considerable dis¬ 
tance by means of siiafting, a large amount of force is 
lost thr^uffh the friction necensarily enjrendered; and 
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U has become mo.-o or less the fashion to substitute 
sereral smaller engines aiid boilers in lieu of one large 
one. This plan has the additional advantage that, 
should an accident occur, the whole establishment is 
not necessarily laid idle. If small high-speed engines 
are employed, the momentum of the reciprocating parts 
should be balanced. This can be done by so counter¬ 
weighting the crank that the piston, when iVbrking, 
moves ‘n an opposite direction to the counterweights. 
Th,; shaft is thus relieved from excessive shock. 

In these engines, which should work expansively, 
the bearing surfaces must be of longer area than in 
slower running engines, and the workmanship must be 
of the first order, or they will be found to deterioin.le 
rapidly. 

,Ii| small establishments, where much power is not 
required or where space is of great value, vertical com¬ 
bined engines and boilers are often employed. The 
foregoing remarks apply with equal force to these as 
welt as any other form af engine that may be used. 
In vertical combined engines and boilers all working 
parts of the engine should be made totally independent 
of the boiler, as the constant action of the engine pio- 
duces an injurious strain on the boiler, and, from the 
expansion and contraction of the boiler, the proper 
jvorking of the valves of the engine is also interfered 
with. As regards the construction of the boiler, we 
recommend the dome description with Cioss tiibes in 
preference to the multitubuiar fornij as being easier kept 
in repair and free^Vrom deposit. The cross tubes should 
be made of Lowmoof or equal brand of iron, and so 
arranged that the flame should b^* distributed and as 
much heat as possible extracted from it before being 
allowed to j lAs into the chimnev. 
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The types of steal.> bo’lers at resent in use are 
almost endless. Although fflie locomotive and other 
forms doubtless possess advantages under certain con¬ 
ditions for saw-mill ‘purposes, all things considered, 
the Galloway type*of boilhr, or the Cornish boiler with 
cross tubes, to be recommended for safety, du»-ability, 
and economy; rnd they have also the additional advan¬ 
tage of being readily cteaued and repaired, and are 
easily managed, which is important, us in saw mills, ‘ 
especially in remote districts, skilled labour is not 
always obtainable. 

In recent types of Galloway boilers several improve¬ 
ments of some moment in their shape and mode of 
manufacture have been introduced. The edges of the 
plates are planed,»by which moans a.ny flaws in the iron 
are easily detected. The diagonal ed^es of the^iLtes 
are afterwards ‘ fullered ’ with a flat fullering tool 
which brings the plates close and tight together. The 
plates ai-e riveted by a dead pressure, and not a sudden 
blow, the pressure being iidjusted according to the 
gauge of rivets and plates. If a Cornish boiler is em¬ 
ployed, it shoirid undoubtedly be fitted with coned cross¬ 
tubes, the circulation of the water •tieing much im¬ 
proved and the sti-ain on the joints from unequal ex¬ 
pansion considerably lessened. ~ 

An advantage in the Galloway tyjKj of boiler over 
the Cornish is .that, without complicating the form of 
the boiler fof cleaning or repairs, the heatjug surface is 
much greater, the tubes being in th^ direct passage of 
the heat which strikes against them. The cone tubes 
are usually constructeii of jilate's of a thiu#ier gauge 
than the^rest of the boiler, thus enabling the heat 
to piiss* more readily into «(.he water. The boiler 
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plates should be w.refnlly selected, and the edges of 
the plates planed; the riv'ht holes should by preference 
be drilled instead of punched, as the strength of the 
boiler is thereby "considerably increased. Should the 
rivet holes be punched, thcjr shou’*l be of an even 
pitch, t\ius equalising __the straih on the rivets. The 
size and pitch'of the rivets should be accurately pro¬ 
portioned to the thickness of the hoiler plates used. 
The re^stance of the boiler shell to bursting pressure, 
and the flues' to collapse, should also be carefully 
studied. 

As regards the prevention of incrustation, great 
care should Ixi exercised in using anti-incnistation 
remedies, as many of them contain either acid, which 
affects injuriously the boiler plates, or some greasy 
or gltitinous matter, which gives them a tendency to 
burn. Grease especially should never bo introduced 
into a boiler. We have found that by blowing out 
once a fortnight, and using a solution of common soda, 
we have had little difficillty in keeping a donblo-flued 
Cornish boiler clean, although the water >ised was an 
indifferent sample. In waters containing much sul¬ 
phate of lime or other deleterous substances a simple 
form of feed-heater should Ix! employed, as by its use 
'Uie' water is considerably purified before entering the 
br;iler, and any deprisit of incrustation can more easily 
te removed. Muiy remedies for incrast.-tion have been 
introduced, including pieces of oak suspended in the 
boiler, oak or ma|'ogany sawdust, branches or sprays 
of the trees, spent tanner’s bark, chloridi> of tin, mu¬ 
riate of ammonia, Ac.: but it may cafely be concluded 
that although a remedy may answer in one jiample of 
water, it by no means follows that it may bo equally. 
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anccossfal in atioUiev, is in'icJi uudaiibtedl^' depends on 
the imtiu’e of the calcareous salts contained in the 
water employed. Hi’drale of soda has been used with 
considera bfo success in waters containing silicates and 
some kinds.of sal'^, and boracic acid is also used in the 
prevention qf deposits: Of late years so great has been 
the desire to p’-oduce something new in the meun^ em¬ 
ployed for generating steam, that what Fairbairn calls 
the very essence of constructive science is ofkni neg¬ 
lected, and the distribution of the material and rorm 
best calculated to ensure the maximum strength with 
the minimum amount of complication is'alinost entirely 
lost sight of. Boilers used for driving wood-working 
machinery should bo constructed with one-third larger 
fire-grate surface than is usual for burning sawdust 
and waste wood as well as coal, i'he cuinbm^e-i of 
wood and coal together produces .a he*', of consnlerable 
intensity. Care shoulu therefore lie taken. that the 
flame of the fire .should be equalised and distributed as 
much as possible, that the‘flues should be of simple 
construction and easily accessible. Tn some districts 
also the watel’ available is heavily charged with car¬ 
bonate of lime or other substance.s jidhch very readily 
cause incrustation, and, unless great care is exercised, 
the .inultitubular or other complicated foiyn of boil«l" "I5 
rapidly destroyed. The boiler employed should in fill 
cases be o'" ample power for the work, to be performed. 
An apparatfls for heating the feed water b^ the e^iau^ 
steam should alsoibe fitted to th(^ boiler, /is by this 
small additional outlay a saving in fuel of at least 10 
per cent, is effected. 

Much has been written on the corj-osion of steam 
boilers and the best means to employ for the prevention 
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of the same. Extf/nal corrosicai oxidation is due 
to atmospheric influeiicesi. or damp foundation of the 
boiler, and is usually easily'prevented by covering the 
boiler with felt or'a suitable luiiterial whiciii prevents 
also radiation of the heat. If the bj)iler is fixed in a 
very wet situation, in addition to the felt^ it is some¬ 
times found necessary to case the boilers with sheet 

4 » * 

lead. Some classes of paint also prevent oxidation in 
a very ctjnsiderable degree. As regards internal corro¬ 
sion, very great difficulty is often experienced, especially 
with certain samitles of water, and whore tubular or 
any complicated form of boilers are employed in keeping 
the same in a satisfactory working condition. This is 
most generally felt in marine boilers, sea wat»;r being 
a very active corrosive agent. It is generally held that, 
the varying densities of the imdal of the rivets 
oiler pliitos, a mild galvanic action is produced, 
and corr<;>8ion usually commences round the rivet holes. 
Corrosion thus especially attacking the rivet joints is 
attributed by Mr. William Kirtley ‘ to a mechanical 
action combined with a chemical action, and, from his 
experience, in locomotive boilers constructed with lap 
joints it attacked the smoke-box end of the boiler, but 
sometimes extended slightly in an irregular manner 
«iiir the whole boiler surface. 

The mechanical action referred to is attributcil by 
jfr. Kirtley to the continued expansion and contr.iclion 
Of the boiler springing and bending the plates at the 
joint lines, thus breaking off Ihe sede deposited by the 
water—which is found to be in a certiiin degree a pro¬ 
tection against corrosion—and leaviijg the boiler plates 
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exposed to th j continu'd corroding u^tion of tiie water. 
Owing to the high pressure wliich locomotive boilers 
work as compared with stationary boilers, this spring¬ 
ing action «ould without doubt be nure severely felt in 
boilers of that tyj*^; consequently the tendency to cor¬ 
rosion from this cause would bo greater. It is also 
found that this detrimental action is iijcreased when 
frame Stays or brackets (jffering a special resistance to 
the expansion of the boiler are lised. To obyate as 
far as possible the excessive corrosion at the invet 
joints, a plan often pursued is to roll the iron plates 
with gradually thickened edges, which distributes the 
springing action over a considerable area. Welded 
joints seem also to exercise a tendency to prevent cor¬ 
rosion by leinoviug the especial strains found in using 
lap-welded joints. 

Should more than 25 horse-power !*> requirc/^t is 
preferable to use a pair of boilers inste.-id of oqe. 

411 Cornish boilers above 12 horse-j)Ower should be 
constructed with double flue'’, and fitted with Cross or 
Galloway tubes, and should in addition be thoroughly 
stayed. It is a trite but not unnecessary remark in 
these days of unfair trading and exce^3i«.e competition 
that when human life is at stiike only a first-rate 
qualijty of iron shoidd be used in I be constructio^^ja^ 
steam boilers, and whore tho, actiyn of the fire comes 
in direct convict with ihe x)fatcs, iron of the very 
highest xjossible quality oidy should be-used For foresfc 
•use, or where machi*iery hits to be moved Trom place lo 
place, the ordinai*y portable engine and boiler on wheels 
is to be pi-eferrcd. ,The different forms of thTc’e-cylinder 
engines* such as the ferotherhSod,’ Willans’, &c., al- 
thouB’h *usinfir a considerable, amount of steam, are 
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sometimes found ^useful in driving single machines. 
Where the rate of speed is not too high they are often 
fixed directly on to the utain spindle. In the recent 
(1878) Internaticsial Exhibition, in Paris we saw at¬ 
tached directly to the bottom saw-wheel spindle of a 
band sawing machine, exhibited by Mons. J. Pau, of 
Bordeaux, a new form of rotative engine, patented by 
P. Martin. It was capable of running at a very high 
rate of. speed, but as to its advantages or the reverse 
we, are not in a position to speak. 

Great care should be exercised in setting the boiler, 
and the draught should in all ciiscs be regulated by 
an automatic steam-dainper, which, as it requires no 
attention and is regular in its action, effects a cok- 
siderable saving over the old form of. slide diimper, the 
wo^'king of which is oftentimes neglocted by the fire¬ 
man. ^)It may hot here be out of place to remark on 
the false economy of employing so-called ‘ cheap ’ 
labour in the management of engines and boilers, as 
it has been proved beyond doubt that an intelligent 
ti’ained man, who has some knowledge of the pi' 02 )crtics 
of steam, who knows the economy of keeiiing a bright 
even fire and hi:, ^boiler, safety valves, gauges, ha., clean 
and in good condition, will, in the course of twelve 
-awrnths, get extra duty out of his engine, and eftect a 
saving in fuel and .repairs very much in excess of the 
extra wages paid him. The explosions which almost 
tlaily occur, occasioning great loss of life'and destruc¬ 
tion of property, are generally attributed to cither’ 
the culpable ignorance of the attendant or to the 
use of worn-out or -badly constructed boilers. The 
subject of granting certificates te engine-drivers and 
placing steam boilers under Government inspection has 
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of late years been mov-d ir the Ho|^se of Couiiiioiis on 
several occasions, and although, doubtless, a moderate 
A.ct would be for the general public good, the question 
seems to have ben, at any rate for twe present, quietly 
shelved. 

Tlie boiltir and all steam pipes should bo covered 
with felt or otl'.er non-conducting compositionf to^pre- 
veiit rUdiation of heat #r freezing. The composition 
known as Leroy’s gives for this purpose satiafactory 
results, but we hear highly spoken of a later introduc¬ 
tion, known as Toope’s patent. This covering is com¬ 
posed of hair, felting, and paper, whicn is protected 
fnnn chairing by an interior lining of asbestos. It is 
said to be an admirable non-conductor, has absolute 
freedom from cmcking, is light and ciirily fixed or 
removed, and ig indestructible at any teinperaLj«>' at 
which steam is used. If it is found f, fulfil an these 
conditions, it will, without doubt, be of great •value to 
steam-users, as it overcomes several objections to most 
of the boiler coverings now in use, not the least of 
which is that it is entirely free from the crumbling 
action now so tiften found. 

Before concluding our remarks iwiilSr this heading 
we should wish fo di’aw our readers’ attmifion to the 
greai practical value of the mineral asbestog for pacWlTg’ 
steam piston and pump rods, stuffing boxiss, La., ijjid 
when combined with felt it is an exco'lent covering for 
steam boiler^. Although its existence hagi been known 
for many centuries,*!! is only during the last, few years 
that its valuable properties have been ntilisqjl.. Asbestos 
of the best quality is 4><iHd ill gconpiderable quantities 
in the Italian AlpS; it is fibrous in texture, and is 
capable of being woven or combined with other mpte- 
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rial. It also possesses the peeiiliar pivpfirly of being 
iinaffoctod by flic action of lire, acids, friction, or 
moisture. It can also be ifted in the form ot paste or 
millboard tor steitfiii and other joints. It also very 
well adapted for packing staim fittings, such as cocks 
and water gauges, and we can, from our experience, 
speak ill favour of its valuable qualities. Compressed 
wood pulp made up in the form of anm’lar rings for 
glaiids,'aud sheets and washers for steam joints, has 
several features to recoiiimeiid it, notably that the 
joints are easily broken and renewed, that the pulp 
readily retainS the lubricating matter employed, and is 
anti-corrosive and will stand superheated steam. B'or 
glands the packing is usually made in segments of 
the exact size of the stuttiiig box. 
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AKBANGJ4MENT OP SAW MIEL.S AKD ECONOMWli 
CONVERglON OP TIMOEU. 

A SAW MiLii being for the purpose of coiwerliiig crude 
iiialorial into articles of coniiuerce and general utility, 
the great point to bo aimed a.t is how to accomplish 
this with tlie greijj;est economy aiul despatcli combined 
witli (juality of production. Saw *1)0118 being (^ten 
situiited in crowded cities, where spi^'j is 
value, and whei-e any kind of building has to do duty, 
a set^)laii for laying out or designing a mill can hardly 
be laid down, but must vary ae,cording,to circumstances. 
The follovwng hints, however, may not be out of 
place- 

Where space is obtainable, buildingsbshould be ar¬ 
ranged with largo sliding doors at either end of the 
mill, so that timber may be passed in at one end 
lougfl, and, after being worked ttirough tlifc various 
machines, pass'd out at the blher as inanufactuffd 
gooils.* A tramway should run down the c-'litre Of thef 
mill, and where muqti heavy timber is worked an over¬ 
head traveller ft necessary. In an'aiiging a mill 
advantage should always be •tabeu of the site with 
rcferenclb to land oii wiAcr carrfiige’of the timber. If 
near a cilnal or river, the iiiil^ should &e so ai'ranged 
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that as the tiinbeitleft the watcf it should pass directly 
to the heavy machines, cuch as timber frames or rack 
benches for breaking down; its further manipulation is 
thus at once made easier. As regards the best shape 
for a mill, where all ordinary classes of work, such as 
sawing, planing, moulding, &c., are perfo"med we have 
found a rectangular building of a length of about two 
and a half times its rvidth tlw most suitable shape. 

If an engine and boiler is used to give the motive 
power, it should, if possible, be placed outside the main 
building. If pliicfcd inside the builing, it should bo 
divided off from the rest of the machines. The whole 
Df the main shafting should be arranged underground 
and run transversely across the building; it should be 
easily get-at-able for lubrication, reuioval of belts, &c. 
Uu,d''rground chambers should also be provided for the 
reception of sawdust and shavings. 

If the building is more than 100 feet long, three 
lines of shafting should be used, the last two shafts of 
which can be arranged to run at higher speeds if re¬ 
quired. We have found a speed of about 250 revolu¬ 
tions per minute the most suitable for all ordinary 
wood-working ojKU-atioiis. The various machines 
should never be crowded together, and if upper floors 
WTO used light machines with, if possible, a rotary 
motion shoidd be fixed .m (hem, as the constant vi- 
bnition from some machines with i. reciprocating 
motion has a tendency to damage and displace the 
joists and brick-vork unless of Scry strong section. 
The shafting for an upper floor should bo fix'cd at the 
roof of the ground floor. Adenuatc means for hoisting 
limber to this floor must bo taken. A first-rate and 
rapid plan for carrying tp deals is to arrange an endless 
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belt, son)« 91 inches vi«iilo mid flttejl with stop pieces, 
to run at^an angle of ahoat 46 degrees from the base¬ 
ment through a trap door‘to the floor above ; by this 
means deals, &c., can he carried up m fast as they can 
be placed oi\,the B^ilt. 

With tin; object of facilitating the conveyance of 
timber from on board ships, barges, or railwaf trucks 
directly to the various mj^chines to be convbrted, or to 
the yard to bo stacked, without i.he aid of jnanual 
labour, Mr. Samuel l^oultou. of Londoji, in the jjear 
1808 took out letters patent. For this purpose the 
inventor proposed to construct in the tifiiber yard and 
saw mill charnels, conduits, shoots, troughs, or iiijics 
confainiiig wati'r, either open or closed, and ciMier 
sunk in the ground, laid upon or raised above it; 
these channels to lead from the water-side oiy*yier 
locality; the timber to be conveyed foto suchf water 
channels from the vessel by means of endless chains 
or bunds provided with dogs. 

When the timber reachirs tin' v/ater channels, it 
can I'itheF be pushed along or conveyed by an esta- 
blisln d watei* current. Mr. Boulton deeribes an 
elaborate arrangement of water chan;^<’lJ’, et c., designed 
to carry timlier to any part of an establishment; but 
whcB wo consider the numerous drawbacks tooths* 
scheme- -the discoloration, iucreaai'd risk of cracking 
in the drying,^hc extra power re(juiij;d in sawing wet 
timber, &C.---WO arc afraid it cannot bc^uohl t(f be df 
much practical valiff, at any rate in^this country. 

All saw-mill *floor8, whether ground or otherwise, 
should be made cj’ anijile strength^ to witlistand ma¬ 
chine vibration or*any load ttiat ma^ be placed on 
them, ^ho ground floor should be built on piers, jind 
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wo liaye found joiqt floors tho lost form of flooring to 
use, as from their construction they resist sqecessfully 
any excessive vibration. Where a single first floor is 
used and the bearing exceeds 10 feet, herring-bone 
strutting should be used. 

As regards tho most economical coal frjr the produc¬ 
tion. of steann much has been written. Of course the 
heat evolved from the combustion of different samples 
of coiiV differs very considerably, the carbon varying 
from 75° to 05°. We prefer,, on the whole, some 
samples of South Wales steam coal we have used to 
any other. 

Sawdust and wood refuse, if mixed with a little tar 
or bituminous coal, luiikes a very fierce tire, but should be 
used with care, or burnt boiler-plates*will bo tho result. 

./‘l^ing to the daily increasing competition in the 
couveleion of wood from Norway, Sweden, and even 
America; who export largely to this country manufac¬ 
tured joinery of all kinds, Knglish makers haw at 
present, and will an the future have greater, difliculty 
in successfully holding their own. The success of this 
competition in the ease of Norway and Sweden must 
be attributed u) ,,the abundance of the crmle material 
and the cheapness of labour. Tliis is otherwise as 
■n!{,.'ird3 America, as, although timber is cheaper, wages 
are Considerably higher. -This can in a measure be ex¬ 
plained by tho much greater facilities offwed in America 
to inventors to protect even the smallest improvement 
in the construetioifal details of labctnr-saving machinery. 
In this countiy, on the contrary, owing to the high 
cost of letters patent', a 'worknj,an Ijas no incentive to 
impi'ove the sjpaller details of a inachine, \yhich tend 
*0 much to its ])roductivie efticicncy, and, unless an idea 
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is strikingly c>iginal, itiveniion doe% not pay. In fiict, 
in England brains often bavo t» seek money to carry out 
their ideas, whilst in Amerfca money seeks the brains. 
This, liowever, by the»way. 

Supposing fchc»mill td be ready for receiving the 
machinery, (wiil the pasdieular branch of yjood conver¬ 
sion or manufacture decided on, the next and jirery 
importSnt stop is to ob^fiin that machinery which is 
best and moi-e especially suited to execute witli vapidity 
and economy the worl^ required. The E»election of 4he 
requisite nmehinery is a matter of the highest im¬ 
portance, and, unless very judiciously undertaken, an 
investor may find himself saddled with a lot of costly 
and elaborate machinery ill adapted to his w-ants. 

Caro should be taken that the machniery selected 
should combine^ high-class workmansliip and inatjaiial, 
the greatest amount of productive ellfciency wfth the 
least amount of complication. The so-called.' cheap ’ 
machinery must be held to be dear at any price, the 
difference in firat cost being mpidly counterbalanced by 
constant 1/1’eakdowns and loss of time, often coupled 
with inferior \fork. The jn-ice (»f a really liigh-class, 
labour-saving machine should alwayg*lH' a secondary 
considemtion. 

lyiien the necessary machinery is arranged,.thf! 
very important question of how to» employ if economi¬ 
cally .and profitably presents itself. .As regards the 
labour euiplfiyed in directing the conversion of*wobJ 
by msiehinery, the**highly skilled ,nud highly paid 
workman is as a rule the cheapest, the fir^ difference 
in‘Cost being soog coynterbalaitced by an iiuireased 
output Trom the machine and of better igk'(>rage quality 
Where a steady and iiniforni Unsiness of a certain class 
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ia carried on, we are strongly i,u favour piece work. 
Much has been written/or and against this system, 
but as. far as our experience extends a man is rarely or 
never found who will perform, the same amount of 
work whilst working by the day oi hour as he will 
whilst on piece work. Piece work, wluch, by the way, 
should never |)0 carried to excess, also encourages dili¬ 
gence and energy, and the ^kilful workman thereby 
reaps in wages his just value. Of. course in some high 
clrjfses of work it is very difficult to introduce piece 
work with advantage, but for the vast majority of 
wood inanufiwtures it is undoubtedly the true system. 

Of course in piece work workmen have the greatest 
interest in completing work with all possible speed. 
Care must therefore be taken that it' is not allowed to 
be,‘,§pamped,’ and on no account should the quality of 
the fikish and uetail be sacrificed to quantity of out¬ 
put. piece work has also the additional advantage of 
offering a premium to the operator, of keeping his 
machine and twls in constant use and in the highest 
state of efficiency. 

(fare should be taken that all machines are set at a 
dead level both Jiorizontally and transversely, and are 
free from excessive vibration when iti work, and ade- 
-•qua^e means taken for transporting rapidly and,, with 
little manual labour the required timber. Where many 
saws, either circular or straight, are in.iuse, a machine 
'for sharpening should invariably be employed. 

The wood prejiared on a saw'oench for mouldings 
should always be cut feather-edg(!d or to a l)evel, and 
the pieces of wood sawn off worked up into small 
mouldings. is astonishing (‘ven now the number of 
mill-owners who allow their machines to cut nrionidings 
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from ft square-sided jiii'c c)f wood, a larf^e 2 )ercenUiy;e 
therefore beilig entirely wa-st^id. 'Aese bevelled pieces 
arc easily led through a moulding machine by substitut¬ 
ing for th(»ordiiiii.ry paniliel foed-rolh;rs narrow rollers, 
with their jieriphery st^rated and sharply bovellcd. 
Short driviifg •befts aye to bo avoided *11 every way, as 
they simply niean great increase* of frietjon, ai?d conse¬ 
quent ^Icterioration to b(^lt and bc'arings, with increased 
difficulty of lubrication. Thu beating used slipuld be 
uniform in thickness, and kept as pliable as possible, 
and sufficiently wide ^ prevent over-stiuining. After 
repeated experiments I can rinaiinmend that driving 
belts should be run with their vuhirk or miinoth mirface 
to the pulley, who li is directly <'ontrary to the plan now 
usually pursued, ^the [nuctice being to run the rough 
or flesh side of the belt on the pirtlay. I havejiymd 
that if a belt is^'venly made, and smodh on its /iicc, it 
bears equally over the hole face of the pulley^ and not 
at certain points, as in the rough surface of the flesh 
side*of the leather. With smooyi belt the air is 
almost entjroly excluded, and the di’iving power con¬ 
siderably increased. To produce jf. smooth and perfect 
surface on the wood when planing, m«wh depends on 
the accuracy with which the knives are sh.irpened and 
adjusted on the cutter block. A straight-edg^ O!' 
squaJe should be used to fry^then^ at all poitits. The 
usual plan of lining them on thv wood is not, as a rilte, 
suffieiwitly :i^curate. Bottom cutter-blocl s are Aisily' 
adjusted by laying ^le straight-tslge ovci^thc opening 
through which tWe cutters project, and malcing each 
knife touch exactly at every.point the eTlg'o of the 
straighUedge. Dufi^icafe sots ctf tobls should be kept 
on handtfvi case of accidents. Automatic lubrication 
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should be employed wkerevcr possible, a^id iiuiie but 
the best lubrieauis cmpltjy’ed for high-speed spindles. 
All open oil-ways should bv protected from dust; the 
bright parts of uii).chines not in use should be coated 
■with a mixture of white lead and tallow. At least half 
an hour should be spent at the end of each week in 
thoroughly cleaning the whole of the working parts of 
the machines, and the framework should occasiosally be 
painted. This not Oiily preserves the iron, adding to 
the^api)earane(j of the mill, but encourages the work¬ 
man to take 'it pride in the condition of his machuio. 
These points are, however, often neglected. 
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MAOHJNJSS FOE ESTATE P0EPOSES. 

The use of vvood-woikitij; iiuicliiuery is gradually ex¬ 
tending to that class of work roc^uired on country 
estates—viz. the conversion of timber grown on the 
estate into boards, gates, posts and rails, fencing, &c., 
and other articles required in the larni buildings and 
cottages. Even on estates of modevato si"o—say, above 
one thousa.nd a.!res—steam can doubtk!.ss be eriployed 
profitably in wood con .'crsion, as, should an engine be 
used—as in these days of high farming is generally the 
case for preparing cattle food, it can be devoted at 
loiist one day a week to wood-cutting, and even at this 
rate will pay a fair iideiajst on the very moderate 
outlay necessary. Except on large esjtates, and where 
skilled men are constantly employed, machines of the 
plain(?st and simplest kind are to be preferred, as 
joinery and mouldings, &c., can usually be, pi.rcTiased 
chea[)er tlniTi they can be p'vpared, at any rat- in 
small quantities. The most convenient machine-to uf» 
is a plain circiilar-^saw bunch, or one fiWed with self¬ 
acting feed whi^sc heavy timlau' is Ssed. The frame of 
this ben<;h shmdd be on the ‘ box,’ principL, and especi¬ 
ally string to with.jtan(>rough a-id unskilful usage. The 
saw sjuwdle should be arranged to risefnid fall, so that 
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the driviiijf pulleys^iniiy be lowered below'llio level of 
the table, so that the vvhol^ width of the bench may be 
utilised for cross-cutting potts and rails, lire \tood, &c. 
A sliding plate, wtv'l'ing in a dovetail groove' on the top 
of the bench, running parallel to the' saw, and fitted 
with a cramp for securely holding the Woo’d, should be 
employeii wfiofo much accurate cross-cutting is re- 
(juired, such' as wood blocks foy paving purpos(!s,»Ac. 

The ^saw fence or ^uide should be arranged to turn 
over, the end of the bench, out of the way, when not 
required for straight sawing. The saw spindle should 
be bored at one end to receive augers for boring or slot- 
mortising purposes. For estate purposes the addition 
of a mortising table is of great value. 'I’liis is best 
added by arranging the frame of the l|encli on one side 
imnyj^iately below, file sa.w spindle, with jdaned strips 
toreee& e aslidiil^ table or braclict, whiiMi can Ire I'aiscd 
or lowcrejl vertically by a rack or screw. On this table 
is fitted a slide, arranged with lateral and transverse 
niovemenf.s, and a cramp |iolds the wood firmly whilst 
under the action of the mortising toid. Th • mortises 
are produced by a revolving routing or shil-mortise tool, 
the slide carryiu<g the wood at the same time receiving 
a traverse medion by means of a hand lever. The 
lengths of the reijuired mortises are governed by ad¬ 
justable sbqi-pieces,, and .the transver.se movemeiit of 
the*slide, which is usnalfy worked by a hpnd wheel and 
ifcrew,' gives the required depths. 

Should a furthej range of worL be required, an ar¬ 
rangement' for cutting tenons, striking mouldings, or 
planing can be adiled. • ikce[it where a permanent saw¬ 
mill is established,* thC portable engine is thV) most 
useful form to enqiloy for,e8tate purposes. 
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PRAMINOa OP WOOD-WORKINO MACHINES. 

When considering the different classes of machines, 
wo have from time to time given hints as to their 
framing and general construction; but as wood-work¬ 
ing, unlike most other niachinory, is subject to ex¬ 
cessive and constant strains, it may iiot bo out of 
place to discuss the matter a little more full;> In 
addition to the ordinary strains of teiTsion, prefeure, or 
shearing stress, the framiugs of wood-working machines 
are, subject to an especially severe vibrating strkiji, 
arising from the high speeds, arduous duty, change 
in velocity or direction of motion, which the spindles 
or working parts are subject tc. The ordinary rules 
for calculating the elastic or breal^nig strain of the 
materials employed whci. designing framing must bo 
considerably modified, allowance being made for ex¬ 
cessive vibration, and in soiae cl.isses of machines for 
the heavy lot d, in addition to the ordinary working 
details the framings have to carry. As .ve have'before 
mentioned, for sorah years the framings of wood-work¬ 
ing machines were constructed almost entirely of wood, 
the theory being that jwood, being elastic, would, more 
readily tjian iron, absorb the excessive vibration. Prac¬ 
tical experience has, howevoif sufticiently disproved this 
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idea, that we will not further di'^cuss it. For all the 
heavier classes of machines, and some of'those with a 
reciprocating motion, which' in their working have‘a 
constant jar or vibration, such as steam" mortising 
machines, we prefer the cored or hollow-section framing. 
This form of framing is doubtless higlieV in firat cost, 
and somewhat more difficult to manipulate, but this is 
more than counterbalanced bv its increased strength 
,jind resist.anco to strbss, ('conomj of material in ratio 
to strength, and increased compactness and neatness 
in design. 

Much improvement in machine design has doubtless 
recently been made; but even now we frequently see 
large quantities of waste material in the framing or 
sup[)orting bracki'ts, which, if not absolutely injurious, 
is of\ no advautiige'to the working of tlie machine, 
whilst other parts, whore strength is required and 
where a ‘fillet’ or flange in the c.asting would be of 
valut', is left unproU'cted; the result is unequal strain, 
excessive vibration, and inferior work. The same re¬ 
marks apply witli increased foi'co where the metal is 
‘scamped,’ as in the so-called cheap machinery, where 
general efficiency is sacrificed to low first cost. 

Although no absolute rules can be laid down, tliese 
defects, with a little practical experience, can easily 
be obviated, bearing .in mind that the various propor¬ 
tions should be judiciously distributed, according to the 


strain! to be put on them; that they should be con¬ 
venient for tfiir.^'^nuder, and easily manipulated and 
renewable,^ in t-. ^'st instance in the workshop, and 
afterwards in tk • mill. As regards the allowance 
to be made in ^^.icfing framing, in consequence of 
the constant af ^ ml vibrating strain it would vary 
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coiibiderably yi difiEcrci fc cls-sses of ipachines. In steam 
mortising^ machines with a, reciprocating motion it 
would b' ; as high as 25 per cent., whilst in band-sawing 
machiiT’s, where the |ptrain is fliiefly torsional and the 
speed or duty notiespociaily severe, a considerably less 
percentage vjould be sufficient. In any case the work¬ 
ing stress of framings should dlways l>o coiioiderably 
less tlilln the elastic stress, as the tangentiafl and other . 
strains produced by imperfectly balanced workiijg parts, 
unequal or excessive duty, lack of speed, undue friction, 
uneven foundations, or inferior workmanship must not 
be lost sight of. 

Great care should bo exercised in the making and 
finish of the wooden patterns used ; inferior woods 
should never be- employed. The best yellow pine is 
suitable for the larger patterns, and icahogany fey the 
small. Whatever little extra trouble hr expmiae is in¬ 
curred in making perfect patterns is .amply repaid by 
the (Casting being much improved .in symmetry and re¬ 
quiring less finisliing. In irachine framings, owing to 
the difficulty of retaining sharp outlines in east iron, 
the profil(*s should always be bold and simple in design, 
the edges well rounded, and all hollojTS, whore stability 
and extra steadiness in working is required, should be 
supported by suitable fillets or ribs. 

Complex forma in machine design are irf every way 
to be avoided. This may appear a souie.vhat trite, but 
it is certaiu'iy not an unnecessai’j, remark in these da/a 
of fierce competitiftn ami strainit^ after originality, 
and young engineers may bear in ntind with advantage 
the saving of James ^att thal ‘ the gfreatest of all 
prerogs^jves is sitflplicity, but more ^specially when 
applied to machinery.’ 
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If iron patterns are used, which is advantageous 
when a large number of, castings are required, allow¬ 
ance must be made in thd wooden pattern in the first 
instance for the icontraction in casting in’ the subse¬ 
quent cooling. It is sonieudiat^ dipicult^to determine 
accurately tlie'amount of this centractibn, which varies 
accordiiig to tlie size hud thickness of the casting, the 
nature of tlie iron, and the rapidity of cooling;“but for 
framing castings of I'ncdium size—say, up to two tons in 
weight—composed of iron of fair quality and cooled 
slowly, a calculation for contraction of about one-eighth 
of an inch per foot in either direction would, we think, 
be safe. The thickness of the metal in machine framings 
should always be as uniform or gradual as possible, so 
tlutt fhe contraction of the molten iron in cooling may 
be ^lerably ecpiiU.' The sudden changes in a casting 
from thin to thick inef.al should be avoided, as they 
produce a degi-ee of initial stress which lessens con¬ 
siderably its strength, strains and twists it out of 8ba])e, 
and at times even fractures it. Each part of a machine 
frame or details should, as far as possible, be calculated 
to l)ear easily the higjiest amount of straining action of 
whatever kindd:iiat is usually put on it whilst i>erform- 
ing the severest duty of which the imudiine is capable. 
The^e.v.act calculation of these various and somewhat 
complex strains is, Iwjwovor, diffictdt, and must, after a 
certain point, be left almost entirely to practical ex- 
perier.ce. If motion or load is suddenly applied, the 
stress on bc^fh fraiping and'weariirg parts is much in¬ 
creased. This of eanrse is especially nbticc.abh* in high- 
speeded inacnines; care therefore should be taken that 
the application of t!ie licit or otW‘r power for producing 
motion should f»e very gr;)ilual. This is a pointj we aro 
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afraid, that is ofitea overlooked, but one that adds con¬ 
siderably to the longevity oj. a machine. We have 
found fbe application of a quick-threaded screw for 
startin',' or*stopi>ing Ijplts a simple ar.d effectual method 
of gradnal’y applying this power. 

For inaojjiii'es where the speed is moderate and the 
duty light, framings with ribbed sections hAve some 
advantages, notably thut^ of cheapness and'easy mani¬ 
pulation : but on the whole tubular or cored Ijramiug, 
with its various modifications, is much to be preferred. 

Care must be taken that the mixture of iron em¬ 
ployed is of good quality, and produces sound castings 
free from air bubbles or honeycombs. When broken, 
the iron should appear close in the grain and of a 
light bluish-grey colour. Unsound castings, or those 
showing a mottled appearance, sliculd never be, em¬ 
ployed where they may be subject to *any considerable 
strain. The surface of the castings should be made as 
cleay as possible, any little extra expenditure in this 
direction amply ri'paying itsi'lf in their a.ppear.auce and 
strength. But how often do we see a pound a toft 
saved in the fi-.’st cost more than, spent in making the 
castings presentable by chipping them^c/v.'r their surface, 
reducing at the same time considerably their resistance 
to stress by removing the outer skin of the iron^ By 
castmg the iron under pressvfe much sounder castings 
are produced, tat I,he difficviltie's and cyst of the process 
preclude it.?' use, except for plain and well-ifefined 
articles and when Ijxpensd is not %f the greatest im¬ 
portance.. Air bfibbles or honeycombs may be detected 
after a little experience, by rilighig^a hammer over the 
surface’of the casting. * ^ 

Especial care must be tak«n in designing the fram- 
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ing of machines with a reciprocating motion, such as 
timber frames, mortising^ machines, &c., 'with a view of 
overcoming the excessive x ibration. In America the 
main uprights of, timber frames of large size are often 
constructed of wood, and attach^ d to or combined with 
the timber sul)ports of the bivlding itself. By these 
means the ja^ and vibration is in a great degree ab¬ 
sorbed, and saw frames constructed on this plan are 
found to work with 'a considerable amount of sucoess. 
Thfy are, however, open to objections for Rnglisli use, 
and ai'o on the whole somewhat cumbersoino and in¬ 
convenient. Occasionally the heavier saw frames are 
arranged with an air cylinder, or to drive directly from 
a steam (cylinder attaclual to the top of the frame. 
These plans have some advantiiges, and the vibnition in 
woijjing is eonsidernbly lessened, the air or steam 
acting,as a cuslfion at each stroke of rhe swing frame. 
Latterly _ saw frames .arranged with their crank shafts 
to work on a level with the floor lines have been intro¬ 
duced. This is i).ceoinplj,shcd by making the vertical 
stamhards of the fr.ime of nnnsual solidi'ty, and at- 
tiiching them and tlig working parts to,a nwissive bed¬ 
plate, or, in .^he case of tight bed-frames, casting 
standards and b(‘t\ plate in one piece. For light frames 
tliis^arrang(!ment is sometimes advantageous, but for 
heavy frames it is npt to,be recomnumded, and sliould 
nefer l)e pursued unlets, from water oy other causes, 
■deep "foundations cannot be obtained. Usider alt or¬ 
dinary circumstaiKjes we ar* mucL'in favour of a frame 
arranged with a pit crank-shaft, add whatever extni 
cost may Ikj incurred in the way^ of foundations is 
repaid by decrease of’vibration, which is absdrl^d by 
the masonry foundationf^instead of the mill fldor. The 
work tgrned out is consecpientlx cleaner. 
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' Iii mortising maohii>es v itU a reciprocating motion 
the base of the main column sjiould be of massive con¬ 
struction, and the bed plak- extended, as the duty in 
heavy iiincliilies ij very^severc. 

Willi maobines jvoriing on the rotary principle the ' 
stress oil tho^flaming is loss severe; l?ut very much 
depends in balancing all cutter blocks to the greatest 
nicety, i«s, should they be only slightly ouk of truth, 
owing to the immense ccntrifugai force at work, the 
adverse stress exorcised on all parts of the machine is 
very great. All cutter-block spindles too should be 
of sufficient section to obviate all chance of springing 
even under the severest duty, and the spindle be;irings 
should never bo allowed much ‘ play,’ or the vibration, 
which is often attributed to weak framings, is much 
increased. 

As regards tiie design of the spin<>les and Retails 
used in the construction of wood-working niachinery, 
if wrought iron is used, only that of the best quality 
should he oniployed, coinhiiiing sireiigth and toughness. 
This, when the bar is fractured, is shown by the fibres 
of the iron •being close and uniform in the grain, free 
from whiteness or crystallisation, and c? a bright blue- 
grey colour. The dimensions of spimllos should be as 
uniform as possible, avoiding abrupt angles and sudden 
changes of diameter. Whore, spindles are* ffubject to 
much strain tiic alteration oi diamete:’ should be 
graduated by a curve, or what is known at rounded off, 
as any shock or vibration* is thus, more* evenly dis¬ 
tributed. For alllihe smaller diameters of .sp'iudles we 
prefer to use Bessemer or other mild steel, and the cost 
is very Ifttle in excess of^the best wrought iron. Tt is 
of cours? rather more diffieidt to woA, but this is 
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repaid by a finer ,surface being obtainable, ag wrougKt 
iron is often found seany, or, by the fibres of the iron 
not ruhning parallel to ’the length of the bar, the, 
abrasion of the -jurface, and consequent friction on the 
bearings, is much increased. In *orgipg spindles, or 
any parts on which there is great straui,,‘is few ‘ heats ’ 
as ^ po^ible should "be taken ,by the smith, as by 
constant teheatings the strepglh of the bar is 6onsider- 
ably i;educed. Great care also should be taken that 
cellars or journals, or any forgings necessitating a 
number of heats, are not burnt, as we have more than 
once, especially in steel spindles, seen them from this 
cause break short off at the angle on receiving only a 
very moderate shock or blow. 



CHAPTER XXXII1. 


BEARINGS I'OR WOOD-WORKING MACUINKRli 

In coiisoquoiico of t!ic high rate of spceu at wliitih it 
is necessary to operate wood-working maidiinery, the 
proper proportion, construction, and lubrication of the 
bearings—wher<d)y the friction necessarily engen lored 
can be reduced to its lowest limits—is a matter of vital 
importance. Much time has been'spt.'iit by scientitic 
mmi in investigAtiiig the theory of friirtion, andainany 
learned treatises writUm thereon. One of the niost valu¬ 
able of the earlier ones with which we arc acquainted 
was written by Ceorge Reni|ie, E.R.S., and i>ublished 
in the ‘ Philosophical Transactions ’ for 1829. In tliis 
paper he gives brielly some of tln' deductions made by 
the earliest writers on this subject, inch.di'ig Amontons, 
who wrote in the year ICdO, giving as his opinion that 
friction was not augmented by an increase of surface, 
but o*nly by an increase of pressure, uml that the amount 
was the same Juoth with woods and metals when dn- 
guenls* were*interposed. He likewise concluded'that* 
friction increased of.diminfshed witji the velocity, and 
varied in the ratlb of the weight and pressure of the 
rubbing parts and the time an id •velocity of their mo¬ 
tions. Most of the gcientilic nuTn following Amontons 
agreed v^fli his hypotheses, including He la Hire. Ex- 
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perimcnts as to the tlieoiy of tViotioii were iUso mode 
by Vince aiul Coulomb yi 1781 and 17!S,9. B’ollowiiig 
these, Euler coucluded that it depended on tlie greater 
or less approxiimition of the asperities of the surface 
brought into contact by p^esi^iro,,' the resistance to 
which he agreed was one-third of the prc^ssure; of the 
ofl'ect Oi vehvdties hfc Wiis uncertain. Muschenbroek 
and others-maintained that friction increased v.ith the 
surfaci,'. Bossut divided it into two kinds, tie first 
being generated by tht' gliding, and the .second by the 
ndling of the surfiiee of one body over anotlier; he also 
concluded 1 luit it was effected by time, but that it fol¬ 
lowed neither the ratio of the pressure nor of the 
ma.s.s. A great number of other scientitic men, in¬ 
cluding Lambert. I’areut, Brisson, Camus, Sehober, 
Meister, Leibnitz, Varignoii, Bernoiiilli, Ferguson, 
(Jregf -y, Leslu, Bulfinger, Young, Ac,, early in this 
century wrote on the theories of friction. 

In the year 1784 l)c Vinc('made a number of ex¬ 
periments to determine the law of retardation, together 
with the quantity and the effect of surface- on friction. 
He was of opinion that the fricli(n) of hard Iwdies in 
motion was a-i uniformly retarding force, but not so 
with soil bodies, such as cloth, which prodmied an in¬ 
crease of retardation with an increased velocity, and 
also that the quantify of friction amounted to about 
onc-foiirth tins pres.s)ir(‘, and that it increased in a less 
nitio' than the weight of the body; tl..it when the 
surfiices varied frqm LOl : 1 to !0-06 ; 1 the smallest 
surface gave the -least friction, and' that friction was 
greatly intlueneed by coiiesion. 

A very elaborate series of oxperimcnls on the laws 
of friction were undertaken by Coulomb at tlie instance 
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<if the French Acailoiii^^of .Sciences in tlic yeiir 1799. 
He coinniencesiby examining Ihc’ friefion of plane sur¬ 
faces glilifig over ciicli olht*-, and divides it, into two 
kinds, F e th-st .esulting from time ^ind tlie second 
from vch‘ciiy. lh.,^firs\ in.^ considers to de]>end on five 
different cainsel'- * (1) the nature of tlie b’odies in con¬ 
tact ; (2) the extent of surface; ■ (d) the pi'O.sfiJirc on 
the surface; (4) the time the siirfiices have been*in 
contact; and (5) the state of the atftiosjdiere. Jl.e was 
also of the opinion that tin' eviction of wood on^wood, 
and metal on metal without unguents^ was in j»ropor- 
tion to the prcssui’o, which attained its maximum in a 
few minutes after repose, and that with heterogeneous 
surfiices, such as those ol woods and metals gliding )ver 
each other, the intensity did not attain its limit some¬ 
times for days. He also concluded 'diat velocities had 
very litlle inilucuCc in augmenting frictioti except i^nder 
pcculiar circumstiinees. 

In ^1801 Mr. Southern, of .Solio, made ex2)eriments 
on tin.' surlac('s of the sjiicdles^of griiplstones running 
at a high speed, when ho decided that, with rubbing 
siii'laoes moiijng ;it the rate of 4 fopt j>er s('C^>ud over a 
length of stirface of 1,000 feet, the reslst -nce arising 
from the friction of 0,700 lbs. of load amounted to onc- 
forticth of the w’cight. 

Mr? (b'orge llciinie’s expe^menls on the*hiws^of 
friction were 011 ^ a very extended and coi.ii>lelo scale, 
but our Siiacc prevents our giving as len*gtoencd a dc- 
scriidioii as we HhouhKwi,sh. • His dedpctiojiV, however, 
were as follows: - («) that the frictioivof metals varies 
with their hardness"; (2) that tlw lati-d metafh have less 
friction than the soil; pnci; {.0) tlftit without unguents, 
and withiti* the limits ol <12 Ib:^. 8 ounces per square 



288 i ll^OOp-llVAA'yiVu- MACHINERY. 

inch, the friction of hard metals against liarj metals 
may be estiinateu at about one-sixth of the pressure; 
(4) tluii within the limits of their abrasion the friction 
of metals IS nearly alike. ' 

For determining the frictiim of axles Mr. Eennie 
arranged an apparatus consisting of ui roller with ac- 
curatcr’y turned, mevablc ends; these were made of 
three dirterent metals—viz. cast iron, gun luetal, and 
yellow brass. The tixle ran in bearings, truly bored in 
cast Iron, leaving the axle full play. A cord was 
attaehed to the roller, passed over a pulley carrying 
a scale in which the moving weights were placed. The 
iixlc projected beyond the bearings, and on this slings 
were bung, and carried the scale which held the weights 
with which the axle was loaded. The rope pulley was 
made W'vs sensitjvi, and the descent of the body was only 
4^ inelies. Frt m experiments made with this a[i[iai atus, 
it apfieared when no unguents were employed, and when 
the gun metal was loaded with variable weights from 
I to 10 cwt., the friction.varied within the limits of 
and of the jire.ssiire ; that the diminution of friction 
by unguents depends upon the weight and the unguents 
conjointly. . ' 

Keiinie also made a series of experiments on the 
amount of friction as de[ieudiug on velocity. From these 
experinimils he concluded that friction did not increase 
w'lili an increase of velocily. .Since Iti'iinie’s a numbe 
of excellent treatises on the laws and ‘coelficients of 
friction have Iv'cn published,'' notably by Morin, 
U'elkner, Hokellierg, and othens, ainl most of liennio’s 
deduclion.s have het’u "upheld; and although his ex¬ 
periments were made some fifty years since, they are 
of much practical value to engineers of the present 
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day. Joule and Thoiujpsou divide friction briefly into 
two kitufs—and and*niaintain that the 

quantity of frictional heai, •volved is exactly sufficient 
to repro.^ uccf ihe effort paused in overcc^ing^ ?,ht) friction. 
As most of the njyre ^nodern treatises on friction are 
doubtless kn.jwlk to many readers, I sliall pass them 
with a casual reference only. 

Beamngs for wood-working machinery are usually 
made of cylindrical form, but siJmetimes conical or 
spherical, and to ensure coolness in workipg and*lurabi- 
lity, owing to the exeSssive friction^ engSndcred, they 
should be of special proportions. No hard and fast 
rule for calculating the length and diameters of bearings 
of wood-working machinery can well be laid down, 
owing to the difficulty of calculating exac+ly the amount 
of friction. Bokelberg gives the <sc|pfficients of fric¬ 
tion as 0'0028 ff»r small loads and lo\V volociti^, ^nd 
O'Old for heavy loads and high velocities. Of course 
these coefficients must differ according to the condition 
of the bearings and the lubnication’^of the metal em¬ 
ployed. Morin gives 0-05 to 0-07 as the coefficient for 
weli-lubric#,ted. bearings, whilst, ,pccording to experi¬ 
ments m:ule by Kirchweger on railway,, axles, the co¬ 
efficient of friction of wrought iron on gun metal is 
found to be 0'014, whilst wrought iron on white metal 
is sef down as O'OOi) to O'Ol., Wljichever ‘calcul^ions 
are most correct, owing to the varying and sptftial 
conditions iMider which the bearings *of high-speeded* 
machinery are employed, practical fxperibnee must of 
necessity' be the cflief guide as to their corrett propor¬ 
tions, of course bearing in mind also what pressure and 
straining forces they afe likely* to *be subject to. In 
America*8s a rule engineers igake theii'spindles much 
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smaller and their bearings longer than is the practice 
in this country. We are not aware, hewever, on what 
data their calculations as to proportions' are based. 
To ensure durability and small friction to bearings 
which support spindles running at' high speeds, a con¬ 
siderable ambuiit of bearing surface (is necessary. To 
secureithis it is better to extend the bearing in length 
tliiln increase its diameter. In calculating tl'c correct 
proportions of beatings, the kind of metal employed, 
the action to which it is subject, and the mode of 
lubrication dre points, in addicion to the pressure and 
strainitig forces, before alluded to, that must not be lost 
sight of. As regards the length of bearings for liigh- 
sjteeded machinery, from three to four diameters may 
be taken as a safe criterion for spindles that are con¬ 
stantly running at speeds, say, up to .5,000 revolutions 
per minute ; akove that speed the length of the bearing 
can be increased, say, one or one and a half diameter 
with advantage; for spindles that only work occasionally 
and at a slower speed they may be made shorter, and 
the spindles of loss diameter for a given duty, the 
friction in consequence being reduceij. yarious me¬ 
chanical .arrajigements for reducing friction have been 
tried, but, as a rule, with little success. In the year 
1845 Mr. .lohn Blyth, of London, patented a plan for 
preventing" the heating.,of bearings by means of cold 
water. The be.arings ‘were constructed with a hollow 
cavity in the shell, through which a s.tream of cold 
water was passed, and in .the case of bearings which 
moved rijund an, external .axis, as in connecting rods, 
flexible pi]ibs were used- to conduct the water. A Mr. 
Coles, of London, soon after this,invented a system of 
anti-friction bearings, in which, in place of ft,e rubbing 
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action of the spindle, iie substituted the rolling action 
of detaclleJ pulleys. A Mr. Mallett, of Dublin, also 
patented e. seliome for reducing friction. In the place 
of pulh'^. s, l»owe»rer, he substituted a set 01 rollers of 
small diameter, which were confined in a box directi', 
surrounding lue bearin;>s. None of theSe plans, how¬ 
ever, came into use. 

The idea of reducing friction by rolling bearing’s is 
not by any means new. (?n severat American railways 
some of the most recent rolMng stock has been fitted 
with steel axles revolving on some sixty hardened steel 
rolls, so arranged that no two rolls are .in line with 
each other. These are enclosed in a box lined with 
hardened steel, and receive the whole of the fricti m of 
the axle ; they are worked without lubrifiaits, and are 
reported to reduce the friction in a ter y m.urked degree 
even when heavily loaded. Elliptical* or ogg-^iaped 
rollers have also been tried. These are either mounted 
on spindles or, where single sets of rollers only are used, 
the ends of the rollers are turned to act as .such; where 
more than one roller in the same line is used a washer 
is piaced between each one. The whole set of rollers 
are at liberty to revolve round the sha^t and plummer 
block, which is lined with hard metal. 

In this country the materials used for the bearings 
of lifgh-speeded machinery arc .almost afid enCirely 
confined to gur^metal, occasionally white metal alloys, 
and an* alloy of later introduction known as phosphor 
bronze. If gun metal is used it should contTiin sufficient 
admixture of tin ff> produce a certain aniounf of hard¬ 
ness; about 18 parts of tin to 02 »f er)pper is a suitable 
proportion. The beg,rin?'s should be cast in chills, as 
rapid codlfug is found to give kind of ‘ skin ’ to the 
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surface, improve the metal in togghness, and its wearing 
power is increased. The alloy ‘ phosj'hor bronze ’ is 
found to possess in a marked degree strength, tough¬ 
ness, and durability. It is a combination of copper, 
tin, and phosphorus, whiclr can b.c' so regulated that 
castings as hard as steel or as toiigb as tVrpught iron can 
be prod'jced, iis cirouiustances may require. The fluidity 
of this alloy is very great, producing castings cf perfect 
soundness and very'Hne in the gi-ain. The writer some 
few years back introdiiced it into the bearings of grind¬ 
ing and disintegrating mills with spindles making some 
3,.')00 revolutions per minute, and, although the duty 
was severe, after six months’ use the wear was scarcely 
perceptible. The lubricant used was lard oil. From 
experiments it has been proved to have a tenacity of 
22 tons per 8qua’'e'’'inch in the softer alloys to 33 tons 
in the hardest} the elastic limit of tfie former is about 
5 tons, and the latter 2.5 tons. The soft alloy stretches 
30 per cent, before fracture, and the hardest not more 
than 4 per cent. Samples of niiannealed wire of 16 
B.W.G. broke at from 102 tons per square inch to 
151 tons, and when annealed at 48-to .”4 tons per 
square inch. ..dt is also stated that a bar of phosphor 
bronze has resisted without rupture over million 
twists at a strain of 12 tons. 

In tlfe International Exhibition, 1878, at Paris, a 
niflnber of bearings, slide valves, piston rings, pinions, 
&c., ’ made of phosphor bronze were exhihited.' These 
had been tried urder varying conditions, and in some 
cases in'compiitition with gun raefal, and the results 
were vastly in favour of phosphor bronze. We espe¬ 
cially noticed a set of giiu-metal -and phosphbr-bronze 
bearings tlmt''were used side by side in crushing rolls, 
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workitijj at 1:!0 revoluti'nis per minute, each roll having 
a pressure of tons. These^bearings were at work a 
year and nine months iiiglt and day, and when re¬ 
moved .he Vear on jtho phosphor bronze was very 
small ind<;od, whilst I'k ', gan metal was entiiely worn 
through. Npti.ithstanding that phosphor bronze is 
more costly and somewhat more dilfienlt to manipulate, 
it must»be considered a most valuable alloy, not only 
for bea.rings but for bolts, pins, &c.J wliere great^tensilo 
strength is required. 

An alloy for bearings, composed,of tin and phos¬ 
phorus, has recently been introduced on the Continent. 
It is claimed for it that it is iNisily fusible, melts at 
330° C. (020° I'.), does not heat, ami tlierefore requires 
little lubrication. Its shrinkage is littli. and it i.s un¬ 
affected by acids. If it is found to fulfil iUl those 
conditions it should be of considerable‘value fowsotne 
classes of moulded iKiarings. 

Ii^ direct contrast to English practice, American 
enginecn-s almost invariably make or line the bearings 
of their wood working machinery with a soft alloy, such 
as Babbitt »ielal or Parson’s white brass. These alloys 
are melted and moulded or poured rqjrlia the spindles 
which have to run in them. Considerable care has to b‘e 
exercised in this operation, and the spindle set tc a^lcad 
level. The metal .should not b; over hot, and Both sides 
of the bearing should be poured at the same time. The 
bearing shouM then be scraped and the sphidle ‘bedded’ 
in the usual manner.'* A lafgo numl*cr of white metal 
alloys have been introduced during the last thirty 
years by Grafton, Yaucher, Parsdns, Jones, Lechesne, 
and others. Leehosifc patented an alloj^ in which he 
used cadmium in combination with other metals. The 
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formulee were as follows:—Go]){)er, 650 parts; nickel, 
275 parts; cadmiuui, zinc, and tin, 25 parts. Cadmium 
is nialledble and fuses at ‘a low heat, but rolatilisos 
rapidly, and coueidorablo difficirfty is experienced in 
combining it ^yitll other nielals|-; bi”t, frpm its nature, 
we should imagine it would produce •£ fine surface on 
the , beakiug, und ooiisequently i;ed'ieo friction. The 
alloy most" popular in Ainerjca is known as Babbitt 
, metal, ,which is a misnomer, as the invention of Mr. 
Isas’c Babbitt, which was patentt'd in America some 
forty years ago, consisted in constructing the bearing 
with a lip around the edge of the soft metal, to prevent 
it running out, and not in any mixture of metals. In 
addition to Babbitt’s, different forms of bearings have 
been introduced in America by Rice, Goodman, and 
others. As Good'anin’s invention, introduced in 1855, 
is sonfewhat novel and departs from the beaten track, it 
deserves '-.noro than a passing notice. The novelty in 
this bearing consisted in the substitution of a bearing 
surface of some vegetable substance, siudi as hemp, 
saturated with a mixture of tallow, sulphurj'ainl black- 
lead. The bearings'-were made of ca'st ifon, and a 
series of ribs e’xlended longitudinally the whole length 
of the bearing. The space between these ribs was fitted 
tight'v wit4 either hemp, flax, wool, cotton, or shayings 
of leather. The durability of the material employed 
seems to have been established; but, ••either from its 
resistance t<; motion and the extra pov^er therefore 
recpiired to drive, 4 ir from .some btlmr cause, it .seems 
never to ba\;e come much inbi use. As regards white 
metal alloys for hearings of bigh-ilieeded machinery, 
after cousidera,ble experience we cannot speak in their 
favour: there may be letfs friction in their use, and they 



BEARINGS EOR WOOD-WORKING AfACHt^ERY. 295 

may bo somewhat cheapox- in their first cost, but, as 
they requii'e constant renewals^anything gained in this 
way sooi, lost. I’or spin lies running at moderate 
speeds and vWthout a heavy load or stvaiii they doubt¬ 
less I'ossess some advantages, either when used as liniugs 
or as solid beofii.gs; bat for high speeds *and energetic 
friction thej cannot be recommended. 

All ttie chief bearings of high-speeduu -uiacuiiifa 
should be made adjustable for wear.* This is especially 
important where there is a great ‘ pull ’ on the spindle. 
This compensation is easily securexj by dividing the 
bearing vertically and at unequal distances, and fitting 
set screws through the sides of the journal. Arrange¬ 
ments should also be made for taking up the end play of 
the spindle. From the high speed and the dust and 
grit floating about in saw mills, the beai'ings of wood¬ 
working machinery, ui.less well fitted iflid well looked 
aftei’, ai-e esjxecially liable to ‘ fire ’ or ‘ seize.’ If this 
should be the case, they should be at once taken out 
and the faces of the bearing let close" together, the 
abrasions bt ing removed by a ‘ scraper ’ and the bear¬ 
ings accui-ately vebedded on the spindle. Should this 
not be done, considerable trouble will ♦bund in keep¬ 
ing it running even with excessive lubrication. Very 
great care should always be exercised in fitting bear¬ 
ings, the spindles being bedded with red lead amf the 
bearings scraped till the spindle runs easily at a dead 
level; they should not fit the spindle too tight nor yet ‘ 
too loose. In the liglftest clSss of higii-speeSed spindles 
centre beaxdngs wilh end adjustments have some ad¬ 
vantages, but for tlie general’I’alige of machines we 
think the prdinary pslrallel cylindrical bearings, hiking 
everything into consideration,* are to be preferred to 
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any otlier form. Wlien cheapness of production is 
essential we can strongly recommend tl^e use of cast 
iron for itearings, as a steel, spindle revolving on sound 
cast iron of not ^^oo hanl a texture is found to produce 
a fine surface. ; 

For bearings such as those used in .ii^chiiies with a 
reciprocating.motion, that are difficult, from duitt or 
other caufes, to keep lubricated, some kinds of wood, 
although little used In this country, have many advan¬ 
tages. Lignum vito, box, and pear-tree woods are 
suimble for 'this purpose; but all resinous woods are 
unsuitable. All bearings should be guarded from dust 
as much as possible, and very efficient lubrication 
secured. This in cor.necting-rod and some other bear¬ 
ings subject to excessive friction is often a matter of 
some little dfficulty. We have found a brass needle 
lubricator, constructed on what is known as Lieuvain’s 
patent, tolerably effective for ordinaiy purposes; but 
where the friction is great an additional tallow cup 
should be provided, the tallow in which would melt in 
case of the bearing heating. For metal ■rubbing on 
woo<l, water is found to be an excellent lubricant. Sul¬ 
phur, blacklead,. or plumbago reduced to a fine powder 
and mixed with tte oil or tallow applied to the bearing 
is found to retain the lubricativc qualities of the oil, and 
reduct-s the friction, considerably. We have recently 
heaxd soap-stone very highly spoken of,.as a lubricant 
■for hi-gh-sjHjeded spindles. It is first reduced to a very 
fine j)ovvder, 'and wjished t<.> remove all gritty particles ; 
it is then stirred iadiluted muriatic a6id, to dissolve any 
traces of iro'ii it may contain. The ^vvder is then re¬ 
washed in water lo‘ rcifiove the’ acid, dried, and mixed 
with oils or fatS in the p|;oportion of about 25 j[)cr cent. 
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for lifjht macliinery to about 40 per cent, for heavy 
inachinoVy running at a somewhat Hower speed. It is 
said to r 'tain well the o’eaginous properties of the 
lubricant, ftnd to produce a very fino surface on the 
bearing. We hafe found pure sperm and olive oils 
very fine luhjio.mts, bid their cost in a dhgree precludes 
their use, except for light spindles. An antifriction 
grease •composed of hog’s lard, guttapercha, and |>ow- 
dered blacklead is mucli used i« the United States. 
All fat oils should be stored in a moderate tein^irature. 
If exposed to much heat they are found to decompose 
and lose their oleaginous properties. We have also 
used pure castor oil with very considerable success, as 
it is free from acid, does not clog, and, owing to its 
clinging properties, does not run out of the bearing. 
Self-oiling bearings of various Linds have been i>a- 
tented and introduced, with more or k*s succesSjj One 
of American origin, patented in 1865 and made by 
J. N. Fay and Co. and other firms, is especially adapted 
for circular-saw spindles. The twb pedestals are cast at 
either end of a bracket, which is furnished with oil 
chambers,* connected together by a recess extending 
diagonally. The oil is conducted from the chamber to 
the bearings by means of cotton wiclc or felt, whiebuis 
fitted in the before-mentioned recess, and, after passing 
through the bearing, works Hs way back ib.tho cham¬ 
bers. The oil,is thus kept in constant circulation. 

TlJe spindles used in high-speeded machinery ..hould* 
be made of the soundest material poiJfeible, as, no 
matter how well “constructed and Uibricated bearings 
may be, if the spindles are seamy the frictichi is much in¬ 
creased! and considerable difficulty is found in keeping 
them ranning. All cutter bloiiks and pdlleys should be 
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accurately balanced. They should never be worked at 
short centres ; and all driving belts should' be of ample 
width; the transverse strain, which is so destructive 
to bearings, is thirj minimised, and the cost of bolting 
and lubrication reduced. Steel is to' be recommended 
for spindles in preference to iron, on %qcount of its 
homogentity and rigidness. By jts use the diameter 
of the spindles can also be reduced considerably—say, 

, about one-fourth. 

In machines whose cutter blocks have only one 
bearing immediately supporting it, such as overhung- 
cutter mouldiflg machines, vertical-spindle shaping 
machines, &c., the superior rigidity of steel is especially 
valuable, as, should the spindles spring from the exces¬ 
sive pressure which they arc sometimes subject to, the 
bearings are lupidly destroyed and the work turned 
out is cf an infefior description. 

‘ Footstep ’ bearings, or those on which the lower ends 
of a vertical spindle rest, are usually solid, a cup- or 
obtuse V-shaped recess being turned in one end of 
the bush in which the spindle revolves; iomotimes, 
'however, conical bearings are substituted. “ In either 
case these beari>j|js should have both lateral and verti¬ 
cal' adjustments; and, as the dust made in working 
necessarily absorbs much of the lubricating matter, a 
recep for "oil having direct communication with the 
bearing surface should be formed in the pedestal in 
which the bearing is fitted. Should a iK-afing become 
heated or ‘ seize,’ pour cold"watcr'on it till thoroughly 
cool This heating'often occurs with new bearings, and 
may arise from .several caiiscs—;viz. want of lubrication, 
the bearing oi; spindle being out* of truth or badly 
fitted, from a ‘ seamy ’ opindle or the bearing being 
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screwed ^down too tig}, t. Sliould tlie bearing t)e much 
abraded by tlfc fr'ction, it wiy bo necessary to remove 
the HTMiiule and ‘scrape’ tile bearing before restarting. 
The level of the spindle should be ti'cd, and*the bear¬ 
ings well lubricated; the cap screwed down lightly, 
and the spiiidle worked for a short time without per¬ 
forming any duty. 

If ccThical bearings are used care must* be tak(>n 
that the spindles are allowed no ^nd play. This can 
be secured by fitting a steel pin, screwed at its ^wn 
end and passed through the end of d,he bearing till it 
toxiches the end of the revolving .spincHe. The steo’ 
pin can l)e set up by a nut, and the end nearest the 
spindle should be of somewhat smaller diameter, and 
a flat filed on its side, which will form an efficient oil¬ 
way. 

In practice it is often found more difficult keep 
bearings well lubricated that arc subject to„ constant 
and great pressure than those which carry spindles re¬ 
volving at high speeds, as, fr«m thc'voightof the load, 
after rimni'ng a short time their ungr.ents are expelled 
from the •boaivngs unless especial provision is made. 
For this class of bearings unguent^ •''•■itli a metallic 
base, such as plumbago, arc found the most efficient. 
A dfy metallic composition has recently been intro¬ 
duced for lubricating purpo.so«, it is made‘in th? form 
of small cylindrical plugs and inserted in holes ffiade 
in the solid* bearings or surfaces requiring lubricating* 
It is reported to l5oa( at temperature o^ 450° Fahr. 
It is known as metaline,’ but we cannot* from our 
own experience sp(jak as^to its vahie. 
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CHAPTER XX'XIV. 

MACHINE EOONHATIONS. 

The proper fiAing on adequate iouiidations lias much 
to do with tlie. satisfactory performance of wood-work¬ 
ing machinery. In the case of machines working on 
the rotary principle little difficulty is experienced as 
regards foundations, the stress being as a rule easily 
absorbed by wcll-app'rtioiied framing—that is, on the 
assuifipyon thatWie working parts are ail truly balanced 
and fitted. With machines with a reciprocating action, 
however, it is different; considerable difficulty is some¬ 
times found in arraiiging them to operate with a mini¬ 
mum of vibration. 

Conditions soinetirpes arise in consequence of proxi- 
■ mity to tidal rivj^rs, or on undraini'd land, where, before 
a machine requiring a deep foundation can be fixed, 
especial means must be taken to get, in the first ic- 
8tance,'a soliii basis. , Wlujye tlie water is very trouble- 
80 meA.nd difficult to get r'ld of, and where,,the weight to 
bo supported and vibration'to be absorbed aso consider- 
.able, as in thfe heaviest class of log-sawing frames, we 
have found'a scries of English elm piles to make the 
most durable ilnd satisfactory foundation. The distance 
apart, and the depth they should be driven, must depend 
on the action of the machine, the weight of tile load, 
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and the nature of vho soil. The tops of the piles 
should *be s^wn o.flf level, and sleepers or planks fixed 
tid-isveisoly on the top of j;lfem. This will njake a safe 
and lasting foundatif^n. The piles i^nd. slh^ers should 
be creosoted. It 's alap advisable that tho machine 
should be 'flxipd on tan extended befi-plate of extra 
massive section. When the ground is mbisj^only, and 
much*concrete is Unnecessary, a good plE^n is tft ram 
the substratum firm, airtl cover with a layer of broken * 
stone or slag to about 6 inches in depth. *[nto thil 
layer pour molted asphalt. This, wlftjii cold, %inds 
together in one solid mass, prevents damp, and gives 
a strong foundation for the subsocpient masonry. 

To reduce the depth and lesson the cost of exca¬ 
vations, saw frames should be conreclcd to the crank 
shaft by two rods, one on eitl)(er^side of the frame. 
The vibration Is also reduced considerably by ^ofinter- 
balaiicing tho reciprocating parts, and by arranging the 
crank shaft as near the base of the machine as possible; 
with saw frames a fly w^jeel or Vheels is found to 
add considerably to their steadiness in working. If 
the saw Jrainp is fixed on masonry, wo have found the 
vibration considerably lessened by thg^iitroduction of a* 
sheet of lead or a thin piece'of har3. wood between, the • 
base of tho machine and crank-shaft plummer-blocks 
and the masonry. As regards tjie masotivy eifiployed, 
stone is of cgurse stronger iftid more solid, and^oflfers^ 
a bdtter acsistance to vibration, than any other, Imt^ 
its greatly increasW cosh is somewhat 6f a bar to its. 
general adoptiefh for all classes of machinery. The 
strength of a stone foundatien depends iti d great mea¬ 
sure (Jn the quality of tho ston% enlployed, and also that 
the siA*and shape of the blocks used tire in proportion 
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to tlie strength of the stone. The mortar,' too, used for 
this purpose shouk’ be of the very first quality) and the 
stones accurately dresset*. ^ If the dressing is badly 
done, and, the pressure is unequal and severe, they are 
liable to fracture. Some classes of stone can safely bo 
employed for machine foundati(in in IjIcfo'KS of almost 
any size^, but in others the sizes of the blocks should 
be proportional. A safe rule is t'o make the length of 
the block, say, about three tiiiies the thickness, and the 
width osie and a half times ; blocks of long dimensions 
in ih'oportion' to their thickness’should never be used, 
as with heavy machines with a reciprocating motion, 
with a positive stroke or dead blow, the risk of breakage 
is considerable. Oare must be taken that the masonry 
is accurately levelled, and set as near perpendicular to 
the direction of the stress or pressure as possible. The 
top ’blocks of stone should b(! e.rampL’d together, and 
the jofnts filled in with molten lead. The horizontal 
mortar jo'ints should be from i to J inch in thickness, 
and the vertical joints about inch. These various 
precautions may appear to some to be slightly unneces¬ 
sary, but, as excessive vibration and stress is, in a great 
measure overcoipe by the weight and solidity of the 
foundation, the ftaming of the machine being as far 
as {>o.ssible combined with and, so to speak, made in- 
tegral'.witlj the foundatioii, this can hardly be so. 'The 
qual’ty of the work tuined out and the longevity of. 
.the nvachine deifend also •more on the staiiility of the 
foundations than is gene’raUy imagined. The founda¬ 
tion bolts shoiild bf of strong section,’'and the plates of 
ample area. /I'he bolts should psiss entirely through the 
masonry, and we have* found ther^ is less lialility to 
fracture or work loose b| any sudden strain by inter- 
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vening a piece of bard wood between the plates and the 
masonry* ‘VYood-worfciiij.j inachiuq^ with a recipro¬ 
cating inetion should ncvgr*be placed on a, wooden 
floor, except those of the very lightest class,, and even 
these should bo *vccuratejy balanced* In constracting 
machines with recipijOcating motion it may be taken 
as a safe rnlc that the machine fi,’.iiung and* foundations 
should J)e made as ^lid and stable as pos^ibTe, -(vtiilst 
the reciprocating parts Siiould ersnbiue strength with 
lightness. In machines with a rotary motion <ind the 
straining forces acting hori/ontallj to the axis of meftion, 
brick-work or timber foundations are usually sufficient, 
but for the heaviest class of machines, such as rack-saw 
benches or planing machines, if the earth foundations 
are at all unsound, concrete or rubble masonry are to 
be preferred; but for all kinds ^f foundation where 
great strength ifnd so’idity are required ashlar ma.tbnry 
is undoubtedly the best, and we are of opinion tfiat any 
reasonable extra cost incurred in the shape*of perfect 
foundations for high-speeded maelfines is more than 
renaid by increased steadiness in working and conse- 
(pient inqifovejl quality of output. As a rule of course 
inferior production in machines with ij^rotary motion is 
directly traceable to loose bearings* weak spindles^ or 
insecure bearings, improperly sharpened cutters or un- 
bahfiieed cutterblocks; but^it cannot bo*c\enicMl that, 
in the first instance, weak or hiseeure foundationifecou- 
tribufe largely, through impwfectly allsorbiiig tht stres'* 
or vibration, to brihg aboe.t some oj tlieso results, espe¬ 
cially in machines wifli tlieir framijigs put together in 
sections. If brick-work foundations a»e 'used, care 
should* be taken *tjiat*the bricks employed are hard 
and wt*l! burnt, and Portland or Ronwii cement only 
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should be used. This is especially necessary in damp 
situations, ns some classes of bricks are found to absorb 
a considerable amount oi moisture, and this, combined 
with uneqn'hl settling, destroys the rigidity and stability 
of the masonrv. 
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SHAFTING «IND GF4UING. 

In order to cu.suro tlie economic transmiegion of pcwrer 
by means of line shaftinj,' from the motor to the 
various machines, the whole of the sliaftnig should be 
accurately turned and fitted at a dead level, in bear¬ 
ings having both vertical and lateral adjustment, and 
provided with efficient means of lubrication. All pulleys 
should be turned^ rounded soimovlffit' on face, and per¬ 
fectly balanced. The shafting shoukf be speefled to 
make not less than 250 revolutions per minute, and all 
pulleys therefore should be accurately projiortioned and 
all superfluous weight of meta.1 avoided. 

Wo arc^ifraid many of these points do not receive 
in this cotintry the attention they deserve, which is 
in striking contrast to American pruijttce, which has 
worked out and brought them to a considerable degree 
of perfection. 

Shafts for transmitting pftvyer ^o diCeruut parts of 
a building wei« at one time^ construsted of wood or 
cast iron ; tBese, however, hiwre given way to wrought 
iron, or in some citses teS Bessemer steel, which in 
sliafts of small diameter has the advantij.ge of addi¬ 
tional stiffness. Line jshaftin}j is .subjected to cou- 
siderablo^Jorsional aftd bonding strains, jjut more espe- 
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oially in saw mills, wliere the speed, number of pulleys, 
and belt tension is •excessive. This should be»borue in 
mind wlien caleulatiug tlfc diameter of the shafting and 
the centres'of the bearings to be employed.. 

Ill arranging shafting ftv a mill, the first length, 
which reooives'the power f.-om t)u! priiue'iliover, should 
be of g'-eater diameter than the remainder, and the 
beafings placed closer together—say, five or ^ix feet 
apart, whilst eight or nine fe'et apart on the ordinary 
shafting will bo suftieieut. To prevent end piny, a 
collar should‘be fitted against'the bearings at either 
end of the sh.ift. The driving pnilleys on which there 
is the greatest strain should be placed as near the 
bearings as piossible, to avoid any ehanee ol the shaft 
springing, should any undue strain be put upon it. 

In ealeulating t*'ie diameter of a sbaft it will lie 
found,much better to err on the sidt* ot strength, as, 
should a shaft spring from insullicieney of size, the 
money lost in stoppages, lining up, Ac., would in a very 
short jieriod pay t<)r the ditferenee in first cost. 

In coupling lengths of shafting the jdiui of using 
a solid sleeie or box ot metal kiyed to the sjhaft is still 
generally adhyr -d to in this country, for what reason 
we are at a loss to see, as it is both elumsy and incon¬ 
venient. 

A'very light am] convenient form of coupling,•much 
used in the United States, is known as the double; 
cone • vice coupling, originally introduced a'.id pa¬ 
tented, we b'elieve, by Mess-s. \Vi,Hiam Sellers and Co., 
of Philadelphia.. It eon.s'ists'of aocylindrical barrel, 
which couples the sbufte. The inside of this barrel is 
turned to a doub'lo ctmieal fbrin,: between the barrel 
and the shaft! are fitted two sleeves, the Afctsides of 
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whicli are conical and .'I the box, and the insides are 
bored to fit the shaft. These slcoveji arc cut completely 
thri u"li c a oiu! side, and are *inado to close concentri¬ 
cally upon,!he shaft^b3' means of three stjHare bolts 
fitted in sicts co*, into the sleeves and barrel, and 
running parViiel to tl'c siniit. These Couplings have 
the additional advantage of being easily \rtic<jj.ipled in 
the ceni^c of a shafiffor placing or roinovijig pultcys, 
without the great troublb of drifting keys, as in the 
ordinary box coupling. • 

All bearings should have a perfectly' ligid seat*and 
be well lubricated. Various ]>lans *of stlf-lubi-ication 
have been tried, with more or less success. Where 
belts have to bo run at high speeds, especially when 
over small pulleys and at short centres, i great loss of 
power, increased friction, and com^equent deterioration 
of belts is occasioned by the belts slqi^ring on t^e face 
of the pulley. To obviate this powdcnsl I'osin and 
vaiious other substances arc used to increase th(! grip 
of the belt, but these have thy disadvantage of having 
to bo constantly applied and at the same time destroy 
the belt. ,Wc Inive seen recently in use a peculiarly 
prepared paper, which is cut into strips the width of 
the face of the pulie}' and se/eral layers cemented on 
together. On the pulley of a (l^uiamo-electrie, machirie 
on which wo saw it tried, the belt ran trtmr than on 
^ plain pulley^aud the coutaci. of the belt was ..lore 
uuiforfti; a steadier light was coiisequentl}' produced.' 
We think altogethei.thc jJau of cc^orinW pulley-faces 
witli paiwr, to 2H''?vcnt slij>ping of belts, is *o far suc- 
cesi^ful that it is deserving of further and nfbr 5 extended 
oxporinftnts under varyiSg conditions to determine fuUy 
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its merits, and the exact gaiu,| if possiWe, in power, 
motion, and in loss<of friction, accruing fyom fe use. 

A flat endless band of i/idiarubber and canvas, the 
face nearest the being unyulcanised, oan also be 

used with advantage for increiusing the gripping power 
of the belt. It should be made lossi n'tdins than the 
pulley—^ay,' about one inch to the foot—stretched on 
to it'as tight as possible, and cemented. 

With a view of reducing iriction and economising 
oil, Mr.’ A. Barclay, of Kilmarnock, in 1854 invented 
and patentcd'an iinproved jonrtiiil and bearing for hori¬ 
zontal shafts, 'in which the oil would be repeatedly re¬ 
used. This was carried out by forming ihe bearings to 
extend considerably beyond the collars of tin; Journal; 
the extended ends of the bearings were hollowed out 
internally to form, oil cups; Ihe oil, supplual from the 
top In file usualay, passed over the frictional surfaces, 
and was,caught in the annular cups. The oil was 
re-used by means of the bearing collars, whi<‘h, as they 
revolved, caught it up and carried it to the top bearing, 
part of the inner faces of which were incliinsd upwards 
towards the centre, hjaving a way for the oil,, which was 
thus redistributed over the rubbing surfaces. Many 
ur=)difications of this pfan of lubrication have been 
tried. One journal, patented by Mdhler, has a bottom 
bearixfg only, which,is divided into two parts by a dollar 
on the spindle; the low’er part of the journal is mado, 
hollow, and forms a re.sl-rvoir for the oil, into'which 
the collar dips, and as it revoWes it re-distributes 
the oil to Oie bearing on either side.' There are objec¬ 
tions, how'evbr, to this plau of lubrication, as, after the 
oil has been used some' time, if is found to abtsorb an 
excess of oxygfen, which, renders it comparafi\ely use- 
lesi>. 
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A self-lubricating ,’oeariug of some novelty was 
patc‘nt(>il»as re,cently as 1878 by Messrs. Chapman and 
Sutton. of-London. In tliei j iftvention the bearing block 
is recessed form an.oil chamber. A narfow roller is 
mounted in this recess, having its lower part immersed 
in the oil anj’its upper part in eontaetfwith the shaft 
through an opening cut in the be.aring. * 'V^hen the 
shaft rcwolves the smaller roller revolves alsq, thus con¬ 
stantly bringing the oil from the shainber tc the shaft 
as long as the motion continues ; when the shAft stops 
the lubrication ceases. The oil, after beitig used off the 
bearing, is received in a channel and conducted back 
to the oil chamber for re-using. 

Main driving pulleys which transmit a largo amount 
of power should be of extra strong scetio i, and in some 
cases should be constructed with dgub'e arms. All loose 
pulleys should Ite bushed with gun motel and kept well 
lubricated. The boss of the loose pulley should be at 
least twice the length of the fast. As regards lubrica 
tion, wo h.avi! seen many phnjs, but ilothing better than 
tie' old-fashioned one-of drilling a hole through the 
rim of puUey and boss, and fitting into it a. piece of gas 
piping, which is tapped at its top emband a flat-headed 
screw let in flush with the ileriphery. Constant eyre 
ihust be given to loose pulleys, or considerable trouble 
will be found in keeping them ’n ord.sr. Pufleys made of 
wrought iron Jjave come somewhat extensively into use 
of lafe years ; they possess the advantage of lightness* 
and strength and asc easily fixed, ^o olAiate the con- , 
stant tension of the bolt a Mr. Streit patented in 1877 
an arrangement of making the fast and lcA)s6 pulleys of 
varying diameters,»the*loose phllcy being made of less 
diame^'than the first. Th^ belt is Relieved from all 
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stniiii whilst ruimiug on it, in><l the friction on the 
shaft is rednced toVi minjinuni, being' thnt only engen¬ 
dered bj the weight of th-3 belt. The belt also has 
time to tecover^rits elasticiiy, .-and therPfore wears 
longer, as it is found in pi-iictice thift wlien a belt once 
reaches the limits of its ^dasti<Jity it *rony rapidly de- 
teriorato''. The plaif of using fast and loose pulleys 
of varying diameters cannot., howeVer, bo co/isidered 
altogether novel. Inttopping and starting Iiigh-speeded 
machines care, should bo taken th.at the belt is passed 
from the loose to, tlu.‘ tight pulley very gradu.ally by 
means of a sc\-ew or some similar luethod, as the shock 
occasioned by starting a heavy machine suihh.uily is 
very considerable, and is decidedly detrimental to the 
working parts of the machin((. 

In j)hice of th" t Id-fashioned form of clutch coup¬ 
ling, which is 6'pen to many objections, we can confi¬ 
dently repoinmend the employment of a friction band ; 
it can be api)lied to ptdh'ys round the boss of the w,heel, 
the pulley in the,first place being fitted on a flanged 
bush or sleeve keyed to the shaft. Tlu! friction band 
is split, and fitted with a bolt having' a cum-shaped 
head, which engtiges with another cam on the friction 
band ; a curved lever is,attached to this bolt, and is en- 
giigi'd by a cone on the shaft; the cone is grooved and 
workelt by a shifting lower, and when moved towards 
the ‘pulley the fpetion band is coiitraoted round the 
boss oY the wheel and carried round with the shaft, or 
via: vi'.i’M. 

As n.'gards twithed gearing for transmitting motion, 
we need hardly say it should be constructed on true 
mathematical jirinciple.s, ami espiVial care .|hould be 
taken that the wheels arc ..Idl'd very accurately and 
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fhe right iimouiit of tapyr given to th* teotli. From bad 
mouMii.g*. warping of pattern, or fl^relessncss in ma¬ 
chine 11 . lulding, a largo nu^ihcr of the toothed wheels 
turned out .fie very inferior. The teeth are often allowed 
to bear on each other on o,ne side, and being usually 
made of cast^rc'n, constant Urcakages are the result of 
any sudden strain. In practice we have fi^uhd yiaehine- 
moulded wheels ttf be the most accurate. , For itlter- 
mediate pinions or wheels whci« groat strength is 
required the teeth are often cut I’rom the sofid by a 
machine, but the great extra cost precludes their use 
except for special purposes. Where tJie frh'tion is 
very great we have found wheels made of phosphor 
bronze very advantageous, and in the end economical. 
A mild cast-stecl wheel also gives very good results; 
malleable cast iron, although founi to rary considerably 
in its quality and flbro, and conscquesit resistance to 
stress, is much to be preferred to ordinary cast iron. 
In sQiall wheels and pinions where additional strength 
is necessary the teeth should be ‘ slirondcd that is, 
the teeth are alt joined together by a rim of metal at 
their outsWe periphery, which will add to tlndr strength 
some 40 per cent, or more. When lango power has to 
be conveyed directly from oim ghaft ?o anothei in close 
proxMiiity, mortise or cog wheels can be used with ad¬ 
vantage if the speed required .s nq^ too greW. Wooden 
cogs should ba about one-third thicker than the* iron 
teeth of till? wheel with whii^i they are engaged , theji 
should be made soincwhat* shorter *iud thicker at the 
root of the tooth'than ordinary wheels. Onre should, 
however, be observed in shoi teiriug the teeth that the 
arc of Tl^eir contact? is not too Audi reduced. In prac¬ 
tice involute teeth are foun4 stronger than cycloidal 
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The shorter teeth are in moileltation, anU the thicker 
they are at the rool the more stress they will hear. In 
cycloidal teeth it may be taken as a safe rule that the 
flanks of the tee|ii should never be described with a 
rolling circle the diameter Of whidi is (greater than 
half the diameter of the ()itch ‘line ii^ide which it is 
rolled, ai'd it is fonnd'that the smaller the diameter of 
the 'describing circle used for the flanks the Stronger 
the teeth are. For liigh-speeded machinery, where the 
stress and friction are excessive, toothed wheels should 
be made about one-third wider on the face than for 
slow-running ‘machinery; so that the contact of the 
teeth may be spread over a considerable surface, ena¬ 
bling them to resist successfully the incre.ased stress. 
Care should be taken, however, that the teeth are not 
allowed to slide one against the other. All toothed 
wheelar-say, wider 18 inches diameter—where the 
stress is yerv severe, such as the intermediate feed gear 
of planing and moulding machines, we recommend Jto be 
made solid. We ourselvesi h.ave used phosphor bronze 
for this purpose, and have found the vibration lessened 
and consequent wear.of the wlieel much' impfoved. In 
America with efiijchines of this class it is the pr.actice 
to- make the intermediate gear to work expansively, 
thus allowing the upper feed roller's to adapt themselves 
to thelrregularity of*the timber. This plan lessens the 
straAt consideraljly, and is ,'i decided improvement on* 
'fixed gearing. In compiving belt with toothed gearing 
for transmitiing f-ower, the iiai&nce, except under 
especial circumstances, is in favour of the former, sis 
belt gear requires less diotive, power to transmit the 
same effective force; it is also crfnveyed mqre evenly 
and with less noise and vibration, especially if the 
gearingivs at kll worn or badly {^•'oportioned. 
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The belts employed Tor driving wood-working “ma¬ 
chinery should by preference be made of leather, except 
when used out of doors or where likely to be wetted, 
when the use of vulcanised indiarubber or india- 
rubber cloth is advantageous. Thev i.re sometimes 
made of other materials, such as fott^'ii; and recmitly, 
at the International E-xhihition held Paris (Pl<8), a 
belt ma<le entirely of paper supplied motive power to 
some twenty wood-working machines. Tliis belt was 
manufactured by an Ameinc^n firm,’and was known as 
Crane’s patent Japanese paper belt, and after twelve 
months’ vjfjar it appeared in capital order. It is claimed 
for these belts that they ait; less in (ijist cost and wear 
longer than li‘ath(‘r. This, however, we are not ii> a 
positjou to verify. 

In 1853 Mr. W. Paxton- of ,Johnstoiu%intBodnced 
driving baiids^omposed of a series of cy'indrical Sijtton 
bands or aords attached tej'ether, side by side ani 
rolled flat, giving to f he* finished^band* a transverse 
section similar tfl that of leather. . This form of band 
should possess a large amount of driving»pdwer and be 
suitablb for moderate speeds. • 

Leaffier, from its strengtli, pliability, and durability, 
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is up to the pi-esent the best kiicjiwn matertal to employ 
for all ordinary riacbine bands, but for extra-wide 
main dri/iii" belts vulcanised indiarubber is used and 
preferred By manyj It has the advantage Aver leather 
of lower first cost and gre<yci- drivii^ power; but it is 
a moot question, eousideriiig the difficultyiof repairing 
by unskilled labour and other points, which in the long 
run 13 most economical to use. IV narrow belts, or 
belts that are obliged to be run at short centres or high 
velocities, engendering a considerable atnount of heat, 
our opinion is ‘ there is nothing like leather.’ 

We have seen in use some of Gandy’s piitent driving 
belts, made of American cotton, which was folded and 
sewn together longitudinally, and saturated with some 
oily composition, which renders them proof against 
water or change <of' temperature. In joining them 
transvsrsely the •'ordinary jump-joint, sewn with laces, 
was u.sed.. They appeared to run true and grip the 
pulleys well; but as to their wearing capaliilitie;j we 
are not in a position the -'peak. From tests made by 
Kirkaldy, of London, their breaking strain, as compared 
with leather, is very high. Fx|)eriinei.its were made 
on belts of CoVqches in width, with the following 
re.sults :—Best ordinary., leatiier, breaking strain 6,2!tfi 
lbs.; Helvetia leather, 7,522 lbs.; eight-ply Am^irican 
cotton' 11,Y6.3 lbs. As those cotton belts are produced 
at a considerably,lower first cost than Itather, we piir-v 
'j)03e taking an early opportunity of testing their suit¬ 
ability for driving bigh-speelletl.machinery. 

In calculating “the transmission of speed by means 
of belts allowance must 'always be Qiade for the ‘ slip ’ 
and deviation of the belt, but mote especially in con¬ 
nection with wood-workkig machinery; running, ns it 
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does, at higtf speeds, (^ttciitimes at short centres and 
O', er siuall pulleys, in the midst of Jlust, which renders 
the lea'heV less pliable, th.^ ‘ 1,^’lp ’ or drivinsj *power ot 
the heh. is Considerably lessened. 

The strength |)f the best ox-hide belts used for 
belting has b«etf calculated al about 3,08? lbs. per square 
inch of section. This is reduced at a sivote^ joint to 
1,747 lUS., and to 960 lbs. at a laced point. • One-^liird 
of these figures may be given as a %afo-working tension. 
As belts, however, vaiy much in thicknosjf, the Allowing 
table in lbs. per inch width of safq-working tensions 
may be of use :— 


Thickness of Belt 

\V()rkin}f Ton'-ion 

'iliickiicssof Blit 

Working Tension 

In. 

Llrt. 

In. 



00 

A 

ICO 

V‘ 

* T' 

% , 
i • 

180 

i 

80 

2g0 

¥ 

• ■“ 

100 

V 

220 

120 

* 

1 10 




For traftsmitting pflwer in high-speeded machinery 
belts shouWl bciinade about one-thy-d wid'-r than is found 
necessary in machines running at a s^rtij speed, and the 
smooth side of the belt shoulJ ,run next the face of the 
pulley. All belts should be made even in thickness 
and'neatly joined, and the driving pulleys*acofirately 
•turned and rc»inded on fiice, or some d’.fliculty vflll be 
found in nl&king the belts J'un true. Twisted' belt^ 
should be avoided tis ,mu^h as p(*Kible; but if it is 
found necessary to connect by belts'shafts that are not 
parallel, care shopld b^ takCn *that the belt should 
always'be in the plane of rotation of the pulley to 
which it is approaching, without regard to the retiring 
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side, whicii may ue aeviated trijin that plane without 
affecting the belt. ^If this rule is borne )n mind, little 
trouble by belts riinning^o^’ the pulleys will be expe¬ 
rienced. 

When belts are required of a greater width than 9 
inches, a double belt is preferable to a eidg'le one and is 
found to^jruii tjuer. 

As regards joining belfs, hooks,^malleable »toothed 
plates, and numeronr other pl4ns have been introduced. 
Many uliers, however, still prefer the ordinary plan of 
lacing. We'have^ found the double T belt-fasteners, 
known as Green’s patent, to be both expeditious and 
economical, especially for narrow belts, where the tensile 
strain is not great. 

We have recently seen some endless driving bands 
formed of crnciblq st-el wire woven into a network or 
chain. „ The wiivs are arranged to rni'i parallel to the 
width of the belt, and possess great fle.xibility and 
driving power, and will run with case round the 
smallest pulley. As regar.<.ls their economy in wear, we 
cannot sireak from experience. • These baiuls are also 
constructed with a leather or elastic liiiing,,to prevent 
stretxihing, whi(.di plan we should think would be an 
advantage, at any rahi fdr higli-spi'eded ni.achinory, as 
the friction engendered by the steel wire on the^ cast- 
iron pftlle)* would be, coui^dcrable, and the consequent 
breakage of the wire from expansion a,yd contraction* 
'must 'oe looked for. Tlfc use of metals, for driving 
bands is nof, hovy^ver, new, as iii ]8.")6 the Earl of 
t'aithness' took out a patent ^u’ cdnstructing driving 
bands out of sheet metal, such as iron, steel, brass, or 
composition metals. 

The following ‘ hin^,’ taken from the"'‘ Textile 
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Manufacture!*,’ may be^ound useful to users* of machine 
bands: 

Belts'stuiffd with taninn-*8 dubbin on the flesh side 
will beconi-* as smootji all over as the hifin side, and 
will outlast six bajts whiah^are run bn the hair side 
exclusively. 

‘ Three times the adhesiveness is gained bv softness 
and pliablencss of.bdltiug leathers over l liosp which are 
dry. 

‘Long belts are preferred to short,ones, but care' 
must be taken tliat tho*length bo not too ‘great. 

‘ Horizontal, inclined, and long bolts* give a much 
better eftlict than vertical and sliort onec, and thoro that 
have the driving side below tban othei'wb.o. 

‘ Belts of coarse loose leather will do better service 
in dry, warm jdaces. For wet o» m^dst situations the 
finest and firmest leather should bo usJd. 

‘ Experience says, the hair side of a ^elj pgt next 
to tl^e pulley will drive SI per cent, more than the flesh 
side. 

‘ The strongest pail; of bolt leather is near the flesh 
side, about on(»-third the way through fr'iin that side.- 

‘ Leather belts must bo well proteehjd against water, 
and even moisture. 

‘ Short belts require to be tighter than long ones. A 
long belt, working horizontally, increases the *teuBion 
’by its own weight, acting in tlic curve lormed bdlween 
the pulleys. ^ 

‘ Sufficient care is sj(.'lddJn takeiMo let belts run free' 
and easy, and it %as been one of the greatest errors, 
more or less prevnJent yi all lar’ge factories, to run the 
belts so^tense as greatly to injure them and rapidly 
increase the wear of the bearings. 
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‘ Ill many instances tlie tearing out ofi>lacc-boles i« 
often unjustly att^jibuted to poor belting, *vheii in 
reality the fault lies in baving a belt too short, and 
trying to force it together by lacing; and the more the 
leather, has been' stretched while bejeg manufactured, 
the more liable'it is to be (/cmpluined o^ 

‘To obtain the groiitest amount of power from belts 
the pulleys should be covered wloli,,leather: this will 
allow the lx;lts to be run vei'y slack, and give 25 per 
' cent, mo.-e durability. 

‘'A careful- attendant will make a belt last live years 
which, if neglfcteit, might not last one. 

‘ It has been found in practice that belts must not 
run faster than :?0 feet pel- second, nor have a tension 
of above 200 pounds per sijiiare inch of section. 

‘ The friction of a, belt is double on wood what it is 
on cast iron. 

‘Long belts arc less name lo slip than short ones. 

‘ The softer woods are better for jiulleys than the 
narder kinds, but pear woo^d and nut tree are best for 
cord-wheels. Grease must not be put on wooden wheels 
on which b*.dts run. 

‘Tightness by,liglitening pulleys must be applied to 
the slack side ot^ bells. 

‘The belts should be cut from thecentri' of the skin. 

‘Tlv.ck'ne.is of belt does not always give strength. 

‘ hf too great a distance is attemptal^the weight of, 
the bclbwill produce a very heavy “ sag,” drawing sdhard 
' on the shaft as to ^roduta; great friction in the bear¬ 
ings, while.iit the seme time the UdlJwill have an un- 
stciidy flappit^ motioH, which will destroy both the 
belt and the machinbry.' 

‘The conueijted shafts should never, if il“can bo 
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Avoided, bo pb^ced one directly over the otliei* is in such 
case the Ijelt must be kftpt very tight to do the work. 

‘ it is iiiso desirable to iocaiie the#shafting and ma¬ 
chinery so ^at belts shall 1-un off from each other in 
• * * 
opposite directionf^^as this^arraugcme!ft will relieve the 

bearings frop# .the 'friction Aat would nesult were the 
belts all to ptrll one way on the shaft. 

‘If ^wssible, the«naclunery should be s(/planned 
that the direction of the Jielt motion shall be from the 
top of the driving to the toj) of the driven pull<jy. 

In punching a belt J'or lacing, it is dbsirable Wuse 
an oval punch, the longer diameter of the puncli being 
parallel with the belt, so as to cut out as litdc of the 
effective section of the leathea as possible. 

‘ Begin to lace in the centre of the I alt, and take 
much care to keep the ends exactly in hue, and to lace 
both sides with etjual tightness. The'li^cing shoulihnot 
be crossed on the side of the bolt that runs next*to the 
pulhjy. 

‘ Xever add (o (he work of the ln'U so much as to 
overload it.^ 

‘ A good h'ather belt, 1 inch wide, has sufficient 
strength to lift 1,000 pounds. 

‘ TKaterproq/' (ihu\ —t'iin; sjireds c4’ flidiarubber dis¬ 
solved in a Aviiian copal viirnlsh make a waterproof 
cemetit for wood and leather. 

‘ 7'() J'rcscrve Leather from jffaa/'/!—Pyroligneous^acid 
niiiy b*! used w*tli success in,preserv«ig leather from 
the attacks of mould, and is*!‘ervi<;eable in recovering 
it after i( has recigved that? species danger, by p.ass- 
ing it over the surface of the hid^ or skin, first taking 
due car^ to removi? Uic mouldy jpots by the application 
of a dry«oloth. 
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‘ Ca»la,-^Oil as a Dressing for Leather,. —Castor oil, 
besides being an excellent dressing for leathey, renders 
it vermin-proof, it sboiild be mixed—-'say, half and 
half—with ,tallow or other' oil. Neither r^ts, roaches, 
nor other vermin 'will attack leather so prepared. 

, j« 1. i ^ 

‘ How Glue,should he malle to Fasten Leedher to Iron, in ■ 
order to cover Iron Pullcijs. —I part of crushed nut-galls 
is d,jgesK.d 6 hours with 8 parts of distilled water and 
strained. 'Glue is macerated «n its own weight of water 
for 24 jhours and then dissolved. The warm infusion 
of galls is spread upon the le,alher, the glue solution 
upon the roughefied surface of the warm metal; the 
moist leather is pressed upon it and then dried. Use 
wider belts or larger pulleys if the adhesion is insuffi¬ 
cient. It is a good plan to wash the worn surface of 
rubier telts with soap and water.’ 
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In a work of this clasS it may not l)e oflt of place to 
notice hriefly the woods wliich are chiefly eonveitod by 
machinery into articles of daily commerce. 

Resinous woods are thosS most (hieflj used, fore¬ 
most amongst which is the rod or yellow pine, the best 
of which <H)mes from the north oj,’ I^iaope, notably the 
Riga, Norway, iftid Memel. These tretw are fellq^l l^ith- 
out discrimination, the best timber being selected for 
dealSj and the remaimler being converted ^do battens, 
mimng timber, poles, fire ^ood, When used as 
beams, fir» should be «awn longitudinally to test its 
soundness, i’gr mouldings and joiners’ " Oi'k seasoned 
American white or yellow pine is weil^ adapted. The 
best is shipped from Quebec. *A large (juanlity of pyie 
of g(^od quality, generally known as Board and Waney 
pine* is shiiiped from various,(/amylian port*. 

I Norway sjjfuce or white fle.il is ci.Iefly usoi for 
poles,* ladders, and masts. Russian red wood is used* 
for lath wood in laryfc quantifies. I^inadtan pitch pine 
is chiefly used fof declc pfiinking or conveying water. 
The whole of the varieties of tJie •Pinns faitiiiy are easily 
converted by macl*i»ery* Wht^i sawn, saws with large 
teeth arfll coarse pitch ?;houl<^ bo used* The ordinary 
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gullet or briar tooth is as suitaljlo as any. In sawing 
pitch pine a coarse^ set must be put on t^ie sitfw, owing 
to the iacreased friction' a’'i8ing from the 'tenacious, 
clinging propertieg of the resin. .The saw blade should 
also be well greased. 

Amongst tfie other refinoust woods nf.nst b<; men¬ 
tioned c^da'r.. This wood is largely used for cabinet 
worE. It is grown chiefly in Spain and the 'Levant. 
Red cedar is a native of tin* West Indian islands and 
North Americi}. This wood is even in the grain and 
rea(fily worke'd, but is apt to spfit unless care is taken; 
for cutting cedar, a saw with a moderately fine gauge, 
pitch, and space should be used. We have found a 
peg-toothed saw very suitable. 

Amongst the hard woods generally used oak, ma¬ 
hogany, ash, elm, teak, and walnut take first rank. 
Oak'ia the most durable of all woodsj and one of the 
hardest. English-grown oak is unequalled for strength 
and durability, but fine oak timber is also imported 
from Russia and A'mcrica., 

Mahogany is much used for all kinds furniture 
work. It is obtained chiefly from Domingo. .Honduras, 
ami Cuba. Engl’sh ash is chiefly used in wheelwrights’ 
and agricultural impleni'ent works. It is long in the 
grain and vmy tough and elastic. English edm i.s hard 
and tough/and difficult,to work. It stands well in 
watei, and is used consiilerably in ship-lmilding, pumpi 
‘work, '.vheelwrigfits’ work*, Ac. In sawing these Woods 
the gullet or fnill-sg'-v teeth, arranged with a diminished 
space and •nearly upright pitch, shoulti be used. Beech 
should notTx/used forsvivk exposed to air and moisture, 
as it will ra[)idly dett'riorate. F*'r tropiiail cfiimates 
fustic is foiling to stam^ well.’ Various pro'desses of 
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8easoni7i{,' wo6d by iles^iccatioii ai.d other means have 
bee;i iriei’, bu^ nothing is found eqi a 1 to tlie exposure 
of the wofld to the atinos]^!ii?re. WUou used> for in¬ 
terior work-fit should .b'’ kept for at’east tlifoe years. 
Wood sutti.'i's doco»upositi )*i ,.rom excessive heat, or if 
exposed to a juimid a.tnosph'irc ; but if Buried, and the 
air entirely excluded, its decomposition js "slow. Dry 
air doesmot seem to affect it. 

The proper time and manner cf felling trees, when 
they are at their prime for conversioi', is a* special 
business, and requires a special knowledge, that* can 
only be gained by experience. In mo»t timber-pro¬ 
ducing countries trees of all sizes are at present felled 
indiscriminately, but this pernicious sys.ein will doubt¬ 
less in the course of years have its effect. Wo need 
hardly say that any tree showing nicipient signs of 
decay should be* immediately felled, ass its com(j(iercial 
value will then rapidly decrease. The proper time for 
felling trees depends in a great measure on their genus; 
wiirter or summer is gener-illy to*be preferred, the 
timber being then less lull of sap. Resinous trees are 
best felled»in summer, other trees,in win Lcr, except oak 
or those from which the bark has t<k^be stripiped, in 
which case early spring is fouqd the most suitable, sis 
the h-irk will then peel most easily. The bole of the 
tree should always bo severed as. near tho^groand as 
^lossible. Although several athunpts, with more (*' less 
success, have been made to* fell trees by niechtinical' 
means, the difficulties of «tnation,«transport, and eco¬ 
nomical manipulation have hitherto pirevoitted much 
progress being made in thus s qierseding flie’art of the 
woodmRn. Rrom eeeperiments lit has been found that 
the woo^ immediately snrroujnding thS heart of the 



3*4 


WOOD-lVORKINd" MACUINERY. 

tree is tlie weakest, and this WQakness increases with 
the age of the tre(^ The woody fibres pext flie bark 
are also -weaker than the rest, the strengfli of the 
timber gradually increasing from- the heart' outwards. 
Moistube in timber weakeijs'it conoiderably, and its 
crushing resistance is foum/ to be little inoro than one- 
half of what it is whci/ dry. ^ 

llxperience, of course, can be the 'only sure ^bide as 
to the condition, sttength, or value of timber; ill- 
conditioned timber can, however, generally be distin¬ 
guished by a loo.seeess and woollino.ss of the fibre and 
a clogging of‘'the teeth of tin* saw; when cut it also 
presents a white, floury appearance. The timber used 
for joinery purposes and conversion into mouldings, &c., 
should be as sound and dry as possible. If it is neces¬ 
sary to season the *iur')er artificially, what is known as 
the hot-air method is genei-ally considered the best. 
This consist^in confining the timber in a chamber, and 
subjecting it to a current of hot air forced through the 
chamber by means of a fan.' It is necessary to vary tire 
temperature of the hot air according to the' kind and 
size of timber. The following have been found the 
most suitable dryVng heats : -- 

O.ik, t*ic* tfuiperatui*' biioultl ii'-t rxe >‘d 
Leaf wyods .... Ini'* to 100° 
riiit; ill and pwani'i . liJO° 

.. in tltin IH'i'’ to 2o0,\ „ 

' do. . ‘JSir to 300® 






CHAPTER XXXVIIi. 


OlIlCULAll AND STKAlltHT SAWS. 

Lv conueetioii with the productive efficiency of Wood¬ 
working machinery the proper sefection, sharpening, 
and manipulation of the cutting tools einplojed is a 
point of the utmost possiblfl importai.^e, as, no matter 
how well designed or constructed a machine may he, 
unless the tools emoloyed are jxactly suitable to the 
work to be p<frformed, are made of materiaj of the 
highest quality, and are tempered and sharpened to 
the most correct cutting angle, the production of the 
m%^iine is in every way, unsatisfactory, the work 
turned out being less in amount and the quality in¬ 
ferior, wjiilst the force expended to produce it is 
greater. 

As being the most gouefal and important cutting 
instrument employed in the conversion of wood, we will 
first consider the saw. Sy ns may be diviffod into three 
classes—viz. J[l) reciprocating or mill saws, (2)«rotary 
or cfrculaik saws, (-3) endless band or ribbor: saw^.^ 
Another form of sfwv is known as *lie cyfinder saw, but* 
this form is rnrcl^f used. On the gUAige, sliape of tooth, 
and ‘ set ’ of the saw best adapted to perform cei-tain 
work a great diversity of opiniftn exists, English, Conti- 
nental,^nd American fractic^ on thes# points differing 
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considerably. No fixed rule can,,However,'be laid down, 
as all these points ^nust depend on the mature," quality, 
and condition of the materia^ operated on. Ari immense 
variety exists in -^Ue shape of the teeth employed; the 
best khown are the peg, gullet, flea*h, mill saw, hand 
saw, hog mane, dog, par«>t bill, bird"taiJ, hook, and 
Americai\ tootli. "The fii-st four mentioned are those 
chiehy empJoyed in this country. In 'cutting or*ripping 
with a circular saw Soft woods, such as pine, with the 
grain of* the wood, the teeth ol the saw should be set 
farther apart,*and the pitch or rake and set of the teeth 
should be considerably coarser than for hard wood. If 
a line is drawn through the points of tiie teeth the 
angle formed by tlie face of the tooth with this line 
should be, for cutting soft woods, about do’ to 70°. and 
for cutting hard woods about 80° to 8.“)°. The angle 
formedi. by the face and top of the looth should be 
about ,4.5° ,ta 50° for soft wood, and 65° to 70° for hard. 
It will thus be seen that the angle of the tooth f/uiml 
best for cutting soft wood h much more acute than for 
hard ; these figures are, however, given appioximately, 
and should be modified according to ciroumstances. 

The action ,>»f, the saw when operating with the 
fibre of the wood may be regarded as chiefiy a sjilitting 
one, the re\olving saw-teeth acting like a series offiinall 
wedges* driven into "and < separating the longitudinal 
fibres* of the woo^. 

Soifie saw teeth of Aiqerican orjgin are'very extra¬ 
ordinary in form, tfnd the ildviyitages gained by thus 
shaping th*;m arc ifot always obvious, 

Mr, Peter C'ool^, a*n 'American, took out a patent 
some twelve years since for improvdrnents in ^lie shape 
of saw teeth. 'According to this invention the teeth 
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are made of a l•octanJ.'■^lal•, or nearly a ’rectangular, 
lorm. tlie toxjs of the said teeth be^ng bevelled to form 
a cutting edge throughout *their entire length. The 
outtiug ed*ge of each* tooth coincided witfi ^he line of 
motion of the sitw, and such cutting edge may be of 
equal length to» its bare. T|}ie bevel of* each tooth was 
on the opposite side to the next one,, amj the teeth may 
be set in the ordinary way, the sot or deflf Aion feeing 
on the opposite side to the bevel of the tooth. If 
desired the ordinary clearing tooth may be Employed* 
at suitable intervals aiong the saw.^ The principS,! ad¬ 
vantages claimed to be derived from this construction 
of saws are smoothness left on the cut surfaces of 
the wood, the freedom witlT whicli tn^y pass through 
the material operated upon, and the capability of 
cutting equally well in both dirtjfitions. 

We may hSre remark it is of thw greatest,import¬ 
ance that the steel used for the manufacture of saws 
anc^cutters should be of the highest jjossitle quality; 
ally advantage that may be, obtaindd in lower first cost 
in purch£.sing a secoAd quality is immediately thrown 
away in* ext’^a loss of time in sharpening, inferior 
work, &c. 

In sawing resinous wood's^ such as pitch pine,,the 
teotji of the saw should have a considerably coarser 
‘ sot ’ and space than for hard wuods. Fof*sappy woods 
saws with loager and sharper teeth should be u»ed. 

6efore«sharpening a cirfiular saw it should Jbe made 
perfectly round; this eau best be*4one*by placing thp 
saw on the spintfle and running down the points of the 
teeth by means^of a hard y)i(?ee of stdiie*. It is im- 
portaTit that the emitting angles and the lops and faces 
of the Jeeth should be Bcvellod exactly fllike; the gullets. 



3*8 ll'OOli-U OKK/i'vp MACHINERY. 

too, sliouTd be ol even depth, ns the saw will work more 
freely and with lesp power than if the teeth are allowed 
to get short and stumpy. *■ The use of a revolving emery 
disc for pa'w-sharpening and gnlleting haa the addi¬ 
tional advantage of doing away with'the old-fashioned 
plan of punchilig out the tgeth, \vhich gchijrally springs 
the saw plate and, necessitates the re-luimmering of the 
sawc. In* the manufacture of sawS Use steel plates used 
are hammered true,, which is an operation requiring 
a considerable^ amount of skill to perform properly, 
and'afterwards g^round on a‘face plate. We have 
recently seen ^vorking some circular saw’s of American 
manufacture, which, we were informed, instead of being 
hammered were pressed frue by machines of immense 
power. Tlu*y certainly performed tlu*ir w'ork very cleanly 
and with a minimum ^mount of fricficnt. If the process 
of hammering cpn be dispensed witli ii'i favour of some 
mechanical method, the result should bo in every way 
advantageobj, as the saw would run truer and with less 
power, the indenta'.ions nej^essarily left in the saw't’.om 
hand hammering, notwithstandir.g the grindicig process, 
being entirely done away with. In wt>rking circular 
saws successfully, in addition to the .shape of teeth most 
suitable to the w?>rk, tht; gauge of the saw, and the 
speed, much depends on the efficient ‘packing’ qj' the 
saw blpde^,' In America^ where timber is plentiful, 
little ,',s done in this direction j the conscfiuence is sawsa 
.of mmjh stouter ^iitige Inv/e to be used, rosulting in ii 
consequent loss of jji'wer aiid,material. Considering the 
great progress in wood-worting nitic'iiinery, we cannot 
conceive hi)W< American engineers still tidhere to this 
veiy wasteful consefvatium. The plan for guiding the 
saw generally ipnrsued jn Ihl.i country is lb screw 
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afit i-etains 

‘fin u f"®" ■■‘"^ l’ibiica„ts;emploj-ed-to tho 

finK-,>]ftf.;and belcv fable on eiy,er side 

.lud ruun^. immediately parallel an^ close'te the saw 5 
the, wood IS rebafed to liilow hemp, gasket, ow other 

itcri luhricatiiTg matter to be 

packed m tightly to Rubricate tie saw, ^e-hich is espe¬ 
cially riecessapr when sawing hard or res^iSus vfood. 
This method of packing wiis introd.K,cd by Holland about 
yeai 1842, and has been in use ever since! Some 
makers construct especial packing .bexe^ for hoTding 
e oily material, so arranged that it can 4 io replenished 
with oil as required. To ensure steadim-ss in running 
and prevent ‘buckling,’ saws'should be packed at both 
the back and front. A plan of ‘ packing ’ pursued by M. 

ib.^ of Pans, and .shown by hiiu in the Intermational 
Exhibition of 1^78, is deserving of imticc. Oi* either 
side of the saw, and lot into the lop of^tlic bench, 
wmo fitted transversely four set screws, "tvliich wore 
adjustable to the gauge of the saw. * Into the centre of 
each of th ise screws ifas fitted a jiiecc, of hard wood, 
which, wl«n tla, screws arc tightened up, jiresses against 
and guides the blade. Exhibited al»o in the French 
section by Messrs. G4rard, of t.>aris, i^a^ Gann-.’s patsnt 
■saw guard and guide. This consists of a narrow cast- 
iron box m.ade m the form of a hidf-circle, lasiihi which 
(lie peripheryrtif the saw runs. This box or el»,raber 
IS snspendc-.l over the saw ftom an arm fitted*to om? 
side of the saw-beimh framing, an«.is m?ide adjustable, 
to saws of varying diameters. 8 et serews fitted through 
the box on either^side of the sate act as <fiii< 3 es. 

liiVcking circular saws •ca.rc* should be taken, 
when oDed gasket is n*sed, that it is fitted evenly on 
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either side of the front half of the sav^, so that the 
friction and consequent expansion and^ contk'action of 
the saw blade may be perfectly uniform. These small 
points ar6, however, often neglected, the resifit being that 
the daw, especially if of thfii gauge', runs out of truth 
without any apparent came. Other reasons there are, 
however,^which cause saws to run out of truth, amongst 
which mat' be named stiws of too thin a gauge for the 
work, irrttgular setting or improper form of tooth em¬ 
ployed,'^ insufl5,eiency of clearante for sawdust, too rapid 
a feed, or a saw hlade of too m'lld a temper. 

For all Ordinary purposes of sawing the gauges 
given herewith will be found suitable ; but for special 
purposes, or special kinds of wood, they can be in¬ 
creased or decreased, as oxperieiiee directs. 
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The straight or mi’l-saw' webs used in'machines 
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with !i recipA'Ofl.ting lytjtion can bo worked of a much 
thinner gaugf^ than circular saws.^ For ordinary use 
the following are suitable :-r ' 

• • . 

Saws up to J1 feet 6 inches lonpf, 16 gauge. 

Saws 4,focl ftng, 16 gauge foil. 

Sawsifro* 4 feet to 6 fee|C iuclics long, 14 gauge. 

Saws 6 feet long, 14 gauge full. • 

Saws from 6^fcc» 6 Indies to 7 feet long, Is gailgc. 

As regards'sharpeuing and setting the teeth of saws, 
much has been writterf; the usual practice is*to bond 
by means of a saw-set the teeth alternately to the right 
and left. Many practical men prefer to «et their saws 
by means of a blow given by a hammer or punch, as 
the teeth stand to their worlt bother ai'.d require less 
frequent setting, it being found, especially with thin- 
gange saws, that the teeth have constant tendenc}' to 
assume their original position. In setting says'of a 
stout gauge and hard temper with a liamun^j-j consider¬ 
able jcarc must be exercised to prevent iracture; the 
beS^plan we are acquainted with for setting circular 
saws is to lit the saw Iforizontally on a stud fitted in a 
wooden frame having a transversi^ movement. A small 
steel anvil with a bevelled face shouhU^e placed at one 
cud of the frame, and the saw; traversed backwards.or 
forwtwds for the ieetli to overl-ip) the anvil centre the dis¬ 
tance of the set required. For setting a series of smart 
•light blows ii» preference to one heavy one should be 
given, and •the te*Wi set a Ifttle coarser than ii abso-* 
Intely required in wor^. ^oino uilbi-s fiie and set the 
tcotli of their circular saws in triplet.s, the'lirst tooth 
with a bevel to the/ight— the soefind romatns straight— 
and the^hird with* a bevel to*the left. We are at a 
loss to see, however, any especial adtantage in this 
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plan. Occasionally also saws are used 'with the body 
of the blade deflected from the plane of i'lS cutting 
edge. This plan il said tOjgive greater stili'iless and in¬ 
creased en'tting power to the saw. In AiUerica many 
saws ..are constructed with false testh, dove-tailed into 
the peripheryl The advfyitages claiw>e(li)for this plan 
is that the tgetli, are easily renewable when worn out, 
and thal the centre of the saw may be inachs with a 
steel of inferior quality. A somewhat novel method of 
inserting false .saw teeth has recently been patented by 
Mr.' Frederick Schley, of New' York. It consists of a 
circular holder made in two parts, hinged together, 
grooved around its edge, and fitted to a circular notch 
at the root of the saw tooth. Tlie saw plate is made 
with a V-shaped edge, which fits the periphery of the 
holder. A space is 1 ^‘ft betwe(“n the hinged portions of 
tlie'xiqlder to receive the tooth, and tli’ere is a notch for 
receiving^ the small projection at the root of the tooth. 
This preveiits the tooth from drawing out, amj it is 
prevented from lateral motion by a groove in the **0091 
and a V-shaped edge on the holder and* saw plate. 
Much ingenuity has been expended in this direction, 
i'ut we are at loss to see any particular advantage 
when we consider that with false teeth it is necessary 
to use saws of shmter gauge, the friction in using is 
greater, consequently the power required to drive is 
moror They are seldom, if ever, used ia this country? 
'their vse being almost entirely cof^'ned t<. the tluited 
States. To'lessau the labour i'.i gulleting, circular 
saws are sometimes made with a series of round holes 
punched tlirOugh the'plate from, the root of the gulli t 
towards the centre of the saw; t'his certainly* lessens 
considerably tHe labourireqnircd in sharjKjning, espe- 
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ciallv dono*Oy siionld prevent expansion, 

bnt we should ’magine the friction must be somewliat 
increased * \v\jere man) tl^jn'boarift of valuable woods 
have to be sSwrfon a sav/ bench, ‘ groip;d-ofF’*saws—that 
is, those whijh afa bevcllt;d on the one side, i.e. the 
gauge rednc®<f fipom near tln^ centre to tTic periphery— 
should be used. 

Cros»-cutting ^iws, or those used for st^/ering^the 
fibres of tlni Vood transversely, differ essentially in 
the forms of the teeth employed and the mifthod of 
sharpening. The fibre 5f the wood, wjien s’cvorcd across 
the grain, is comparatively unyielding, and the teeth 
of the saw meet with much more resistance, and it is 
found necessary to make the* teeth con..iderably more 
upright, and more acute or laneet-sh'ijted in their form, 
than for cutting with the grain, ^hj faces of tlie teeth 
should bo sharpened to a keen.edge, aad for hard wood 
filed well back, so that in work they may hj^Y3 a^dircct 
cutting action, similar to a number of kfiivcs. Care 
slifl?dd also be taken that tiie teeth*are made of sufii- 
cient depth to afford a free clearance for the .sawdust. 

Most rtf tho points to be borne in mind as regards 
the shape, pitch, and set of the teotUof circular saws 
apply equally well to straight s^uvs with a reciprocating 
inoticui. In these machines, owine; to the slower rate 
of fe*ed and the number of tdadeskeniployeH) saivs qf a 
•considerably thinner gauge cau*be used. A considerable 
saving in ptvwer aiMh material* is thus effected. 'Eecip- 
rocating saws with •a double cut-*that *s, one-half ol 
the saw teeth wer8 included in one*direetioft from the 
centre of tho blade, and ihe other half iif tfic r)pposite 
direction—were indented soine'yeavs .since by a. Mr. J. 
Davis. 
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W nmow^. Mu laprovements conawf in <• ■ ’ 

^"T *? JongiMinall^, edge'"! 

<%, tho fronf section being tlje cutting edge of (he 
*a«r and tbfe section a plain blank. Bv^this a, 
raiig:'tnpn\ it is claimed that a nidcln. narroiw^uttim- 
Rt'ctioii is vsed, thusj^'ducing\he frh'tum and the first 
cost ot tJie bla<lc. and also ailoroiiig it to lie more ensih- 
tempVrcd or ivinovod from the fi^mewif limit disturbing 
file strain oftlio blank soctions, wlnVIi can be used with 
other .sets of mitting sections. 

All inill-web or straight saws, cither long or .short, 
should be gruurid thiniii'r towards the hack of the saw. 
Caro should be taken tliat they are made iierfectly true, 
and fiaj and nni^irm in toothing and tdmper. 

Saws fiTj'med in this foshion reiiuire less set, and 
work with cMnsiderahlv less friction; tlieir first cost, 
however, is slightly inereased. fii fixing straight i^ws 
in their swing frame, care should lie taken, that they 


are arranged with the amount of ‘ lead ’,or ‘ j'ake ’ beat 
suited to the woofl they are intmided to cut. In sawing 
sogie classes of green timber, in wliieli the fibres are 
long, considerable trouble is sometimes experienepd in 
preventing,\hem clipging to and so increasing' tlie 
friotic*" of the saiv that it becomes iiiore,or less choked » 
und the blade ‘ b'nekled.’ To ohviatv tliis Mr. Tfioiiias 
Greenwood, of liOt^ls, propoi^Ml soiiie years back so to 
construct (lie frame that (lie sivw blades were drawn 
hack afler'tlfo coinplotiiui of each stroke, so that llio 
saw teeth might clear the wood during the asceiitof the 
swing frame. This coiilil,pos.siMy he put into operation 
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with large frames ru., i„w speed,‘blit would 

be practiaally impossible with the light high-speed 
frames of tlie j^esent day. If«a larfe number of saws 
are employe# we can ropommeiid the use of % series of 
circular revolving • 5 pening» wedges a*fli saw teojh of 
extra-coarse and gitch. 

We give as a Frontispiece ^ pla^ of various forms of 
saw teeth taken fri^n Worssam on ‘ Ml’ch*anie*l Sa^s.’ 
A considerable* number <tf those ^eeth, hoi^ver, are 
rarely used, and we are at a loss to see the advantage i 
of some of the more complex forms somelmies used (m 
the Continent and in America, as the’extpi expense of 
keeping them in a satisfactory working co .ditiou would 
more than counterbalance afiy 3uppo.3('d advantage. 
Tlie faces, backs, or tops of the tee'li shown in the 
plate are expressed in .Migular degrees, measured from 
aline running through the'points of |he teeth, tflie 
angle of the pouit itself is found by subtracting the 
angle of the back from that of the iaee oll^fie footh, 
or th^ less from the greater of the first two numbers. 
The diagraijis are not drawn to any definite scale, being 
given to ijlustnite the forms of teeth and not the 
dimensions or gauges, which it fs necessary to vary 
consideiably aeeording to the* naturh 8r condition of 
the Wood beinj; operated upon. * 
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■’IIAPTER XSXIX. 

nANB OU RIBBON SAWS.' 

Mutyn aclvaRce has been maile of late years in the 
manufacture„of baiul or ribbon saws, but chiefly by 
France, whioli supplies almost entirely the rest of the 
world. This arises not-'so much from the quality of 
the steel employed—which, we believe, comes from Eng¬ 
land—but from the peculiar method employed in tem¬ 
pering, which .ensures to' the blade'' a. considerable 
amount of hardiu'ss combined wdth toughiiess. The 
maniifacfuiv of these saws on an extensive scale has 
never been carri(.‘d out in this country, the niet'4i\4 of 
tempering successfully being kopt more or less a secret. 
Band-saw blades, when in operation, are subjected to 
several strains, ^he chief of which is a bending or tor¬ 
sional strain, which in lieavy work with sharj) curves is 
very severe. In addition to this the expansion and con¬ 
traction in the blade engendered by the friction whilst 
in use, seems in a grea'i measure to alter the fibre or 
granular structure of tl-e stiiel, yind the, consequent 
breakages lu.ve ui^litated yniich jigainst the universal 
adoption pf this-ipethod ot .sawing.'. The writer some 
time since liricd a plan of making half of the saw 
blade caiTying the teeth of a' hard temjier, whilst the 
back of tbe.tdiide was le,ft soft. This, howe\''V, owing 
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The aetion of revolving,cutters, such as those use^ in 
planing and moulding machines, is similar to that of 
circular saws. For planing soft wood lln.’bevel of the 
cutting edge of the ii'on shou^ be move extended than 
when used for hard wood. About 2o'' to the face of 
the iron is the best angle, whilst for hard woods about 
40® is found most^uitable. They a«? occasionally worked 
at a more acute angle than this, but Tn workir^ very 
hal'd woods the edges of the cutters are mo. <> liable to 
breaks Cross-cutting cutters, such as those used in tenon¬ 
ing machines, should be arranged to work diagonally 
to the grain of the wood. An angle of about lb degrees to 
the axis is usually found suitable f»r sott wood, as it is 
found the nearer they act with.the fibrfl^of the wood the 
suioijlher the work. Cutters for tenoning machines ai'e 
mada by some iugineers slightly helical. We^think, how- 
^ever, that anything gained in this Inanner is*inofe than 
lost in the extra trouble inv'olved in keeping tffein in 
order, as well as ifl!!?eased first cost. For.planin'g wide 
surfaces M. Arbey,of IVris,»has Ibrsfime years used the 
spiral or twisted irons patented byMareschal ajidGodeau. 
The advantage clivimed Hu- this Jorin.of knife is, that the 
pitch of 44ie knivts is scs arranged that ^the end of one 
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lioiiies oppOiite to the bogitiuing of tliQ other, thus 
giving a continuous cut during tCie whole revolution of 
the cutter block. part only of the whole, length of 
the knives strikes the wood 'at the same tiipe, the jar 
or vibration isthni consideraHy lessened; and, as they 
always present* the same cutting angle • to the wood, 
cross-grained and knotty 'stuff can be worked. The 
knivps us^d are'very light, being from one, to two 
millimetres' in thickness. They are, however, more 
difficult ,to manage than straight knives, and require 
considerable skill and care in keeping them in order; 
hence their very pdrtial adoption. Where this form of 
knife is adopted an arrangement is generally made to 
sharpen them in their places on the cutter blocks by 
means of a revolving emeiy wheel. Whatever form of 
knife is used, the steel employed in its manufacture 
shoul;! be of the hijjhett obtainable quality. We prefer 
cutters ^made of wrought 'iron faced with steel to those 
of solid stftiij as being easier to work and less liable to 
fracture. In establishments where a large varie'i.^, 4 if 
woods are worked •it is advhsablf to have several seta 
of knives ground to the various bevels found best suited 
to the work. Much has been written as regards 
tempering cuttii^ tools. .No absolute rules, we think, 
cad be laid down, at any'rate as regards wood-cutting 
too's; it simply resc/ives itself into a matter of practical 
e.vperieilce. For working soft woods with knives of an 
acute bevel a ligiit 8traw,-coIour temper js suitable, 
whilst for harder wi^ds, where the Sevel of the knives 
‘u-sed is made more obtu.se, the tmnpe* should be made 
slightly harilep in proportion. Cuth'rs should always 
Isj ground with a donble,, lievel, leavyig at the a’itting 
edge, say, about^ in. to be whetted with ii stone t«> a keen 
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edge by liand.' Several varieties of stone a#(^ suited to 
tins purpose, but we h*ve found notbing better than a 
good Turkey ^stone. All pla^e irjns above 12 inches 
long should b,e ground in» a sliding frame, titled with 
adjustments for apy desire/i bevel, as' ii is impossible to 
keep long iron*s, such as those used in j^^inel-pluning or 
trying-up machines, tfue with hand grinding against 
an ordinary fixed rest. In panel-i)iamng/or qjiher 
machines for^ working jvood of considerifble width, 
instead of using two long planing* irons extending the 
whole width of the inaojiine, eight short opes shouid be 
arranged in succession, two on each af the four sides of 
the cutter blocks; this plan, although causing a little 
more trouble in adjusting tlie irons, docs away with 
the difficulties often experienced in keeping irons of 
very great width in n satisfactory condition. 

In constructing moulding irtffis, a plan ofte.i,pur¬ 
sued, but still essentially wrofig, is to*cut the .sTiape of 
thi' required moulding on the edge of t!ie%tet*l and 
gr^iuk a bevel backwards from if. . The result is the 
exa^ profile of the moylding is constantly liable to be 
altered when sharpening. In jdace of this the form of 
moulding’shoiild he always milled into the face of 
the cutter itself, as it thus, if efiftrpened to the 
proper bevel, vetains its true fofm. A few years since a 
sometvhat novel system of steel cuthn-s /or working 
wood was patented by M. GuiViet'Perruau, of luxerrfe, 
Franae. Ho claimed that in ijis cutteis, when the*irofil(^ 
of the uioulding^^s once H>rmed it wits unalterable, 
no matter how b@.(fly4heVhnrpcning mighj; be done;* 
that they made a cleaner cut ayid were .less liable to 
accident. Wo hawe .sein this form* of cutter in opera- 
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tion in vaiious machines and giving very satisfactory 
results. They are made from one piece • of steel, in 
form something like a deep saucer; the periphery is 
shaped to the profile of the desired moulding, and has 
several openings,'- which are., sharpened towards the 
centre and present as many cutting edges, to the wood. 
These cutters can be modified in shape fdr tenoning 
and other ‘'■operations; they possesf several features of 
value, but, unless manufactured on a consjderahle scale 
and with special appliances, their first cost would Ixr 
considerably in excess of the ordinary form. 

Fixed cutters fot planing machines should be fitted 
with back irons, and the cutting edge arranged at a 
slightly oblique angle to the wood, as the shock on the 
knife is thus received gradually. This also applies to 
veneer-slicing machines when a sliding cutter-block is 
used, except in sofne 'kinds of wood where it is found 
necessai^ to cut the fibres' of the wood the whole width 
of the boattl or block at the same moment. 

In establishments where a considerable number of 
moulding irons are in use,' some half-dozen stones of 
fine grit should be mounted and turned np to fit the 
rounds and hollows of the most usual form of irons, 
which can thus 'oe' sharpened without the aid of hand 
filing, which is an expensive method and deteriorates 
considerably the cutting power of the steel, froth-the 
constant softening and 'hardening processes through 
"vhich it has to go". 

■ In surfacing and quarirrg-up machines, whpre cylin- 
^ical gouges are used, especial cars must be taken 
that they aie Let at the most suitable angle required 
by the nature of thd word, and thaLtne temper wf the 
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gouge is not made too higli, or fracture aiid^consequent 
loss will Ije the result. »We have found the palest of pale 
straw colo^ur tjie best suited, ^cept/or the hardest class 
of wood ; a copsiderable inijrease in the stran^fli of the 
steel is produced hardeping in oih 
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CHAPTBR XLI. 

iJAND-S^WING MACHINES FOR HEaVY TIMBER. 

OuEiNO I9cent years the introduction of band-sawing 
machines for converting heavy timber has made very 
considerable p-ogress, more particularly in America, 
where a great number of machines of the largest size 
are in operation. When we consider that a well-con- 
structed band-sawing machine will convert logs of the 
heaviest class with considerable rapidity, and at the 
same time eflect a great saving in powef'and wood,it is 
somewhat ^“markable that their development for log 
sawing’has n.it been more rapid. This may be j.o a 
certain degree attributed to the difficulty there use<l-to 
be in obtaining band-saw blades of the necessary width 
and temper to withstand the very considera'de strain 
■ to which they are subjected, and to the want of provision 
of adequate means of keeping the saw in a true vertical 
line. These difficulties have now been entirely over¬ 
come, and tVe machire made commercially suceessYul. 
The object of the present chaptim is to cc isider briefly 
some of the points to be desired in tk" "onstiuctiori and 
working of a machirfe of this class. 

Main Frame. —In designing the main frame or 
column of tfie machine, stiengtli, with rigidity in work¬ 
ing must be secured. Tn the b(.-9t practice a^h^ow- 
cored or box casting made in one piece and arranged 
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with an extended base is usually emplo}^d, although 
some Ameri<‘an maiiitlaeturers prefer a wrouglit-iron 
girder cokimn bolted on to iwheavy base plate. Which¬ 
ever is u#ed.it is iipportant that the bas^ plate and 
foundations genarjilly aro suflBeiently massive to^absorb 
the vibmtioji*6f the machine when Wi»i‘king at its full 
speed. The base of the ma<ihine is fixed below the mill 
floor, <u>d the fo^indation bolts pasb entirely thjough 
the masonr)^ As regards the ,foundaticVis, dressed ' 
stone is best, as it offers a better resistance than bricks 
work. It should be accurately levelle'dj laid orf a li d 
of concrete, and set as nearly perpendicular to the 
direction of the stress as possible. The quality of the 
work turned out and the •longevity of high-speeded 
machines depend more on the stal.'ility of the founda¬ 
tions than is generally imagined, and any reasonable 
outlay in this fonnection is usually m^ney well jnfested. 
With the object of securing increased steadiness in 
operation we have seen machines working with "success 
iR^lvliich the upper saw swindle riftis in bearings fixed 
on tV.e to^) of the column and the lower ,spindle in a 
vertical line Jieneath the base of the machine. An 
additional pair of bearings placed c^itside the driving* 
pulleys of the bottom spimifl^e to withstand the puU of 
the belt are an advantage. 

Band Saw Wueels. —^erln^js tlie mlwt ynportant 
features in the construction of a band-sawing anachlne 
arc the sSiw \vJmk1s. Th?se should combine in the 
highest possible degree strength v^ith lightness; this js 
more particularly the case with the uppei^ saw wheel, 
as should it be too hc'syry it may overrun* tfie bottom or* 
drivin^^wheel,^au<i be a fruitfhi cause of the breakage 
of saws. 
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The wilful jls should be made of wrought iron or steel, 
covered with wood at the periphery, and this again 
covered with a ba'.id of vulcanised ii dia-rubber or 
leather. Tiie wheels should be turned all o^'er, the top 
wheel mounted elasticiilly, and both be perfectly in 
balance. Should they be the least out of balance the 
consequent centrifugal force causes a constant jumping 
motion otl the wheels, which will ultimately bceak the 
finest saw blades. Fur log sawing the sa v wheels must 
of necessity be of large diameter—in fact, within 
moderation, the larger the better—as, should the arc' 
of contact of the saw with tlie wheel be too acute, the 
blades are rapidly cracked and fractured. The diameter 
of the wheels should he iif proportion to the thickness 
of the log sawn, varying from 6 ft. to 12 ft. diameter, by 
about 8 in. on the face. It is difficult to formulate a 
rule fcn-the suhja.ct, but a wlu'd of, say, three times the 
diameter (jf the thickness of the wooil to be sawn >yill 
generally be'found to be suitable. The top saw wheel 
must be arranged h) cant, so us to direct the saw HiiJde 
to any desired ])oint on the i'aie of the wheel, and so 
equalise its wear; care must be taken;-hov‘ever, that 
the teeth are noUallowed to run so far in as to tear the 
covering. The out.side india-rubber covering should be 
a flat ring about 1 in. thick, sprung on and carefully 
cemented in its plaoe. If leather is used, two thick- 
nessespone of solo and one of buff leather, can be* 
recommended; these wili require* "ivetti 11 g in their 
.places. 

The saw wheel spiiuiies stiouid ue oi steel supported 
by two pairs 6f bearinJ'S^o each spindle ; these can be 
mounted in an adjustable slide for" the top wheel and 
in standards oi* pedestals for the bottom wheel. Wc 
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)ave found this arrangement much preferaftle for heavy 
nachines to the plan of mounting the wheels to run on 
iluds, or msii^ single bearkigs bushes. .The top 
wheel spimdltf and slide must be, capable* of being 
idjusted verticallytto suit*saws of various lengths; this 
can be secuf^d* by mgans of a hand \?heel and screw 
working into a gun-metal nut fitffd yi the hlide casting. 
For cowring the wheels with wood—whic^^shoufd be 
hard and we^l seasoneif—ash or« walnut, vibout 2 in. 
thick, is suitable; it should be accurately savfn in seg-* 
inents, lap-jointed, and glued together, Fastened 1;o the 
wheel with counter-sunk coach screws,‘and turned up 
in its place. Strong steel or wrought-Iron tubes make 
excellent spokes for the wheels, combining as they do 
strength with lightness. With the i>bject of preventing 
the upper saw wheel ovprruiyiing the lover, some 
engineers make the latter about one-ttiird hea»ier than 
former, so that the increased moinyitupi may 
prevent its speed being materially rediitied when an 
incWiise of work is put upon it. ^'or machines where 
the duty fs very severe, the spokes of the‘wheels may 
be ‘stiigg^rcd^ with advantage; iji this case the centres 
should be made heavier, and tln^^m of the wheel 
strengtheneil with wrought-iron plak's or pads where 
the. spokes are attached.' The top wiieel can be set to 
an angle with the lower whsej by means o?a set screw, 
cam,^ or worA gearing, whichever ijie arrang?hient ot 
the wheel dr slidf^ay rcnd/r most conv^lent." Wheels 
without flanges arfe to b% preferrAl, as the flanges do 
little to support Jhe back of the saw bl.idej and have a 
tendeycy to twist and imckltf it, aiyl heat and crystallise 
the stegL Sonw \niejicau makers construct the lower 
•aw wheel of greater diameter than tlie top, but the 
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writer faile.ito see the advantage of havjng the arc of 
contact of the saw different on the two whjeels. By 
thus lightening the.top wheel the tendeij.cy to overrun 
the bottoni wheel would oi' course be reduced. With 
the ssime object in view—viz. to equalise the speed of 
both wheels—centrifugal governor gear has also been 
fitted to the top wheel, out the writer is unable to 
speak froLi experience as to its succ(,'^s or otherwise. 

Tensiq^j Apparatus. —Tc secure effective working, 
and present as far as possible, the fracture of the saw 
blade arising from a rigid tension, the slide or bracket 
carrying the top wheel is always mounted elastically. 
This is effected through the medium of a strong spiral 
or coach spring, or by • means of a counterbalanced 
compound lever, the amount of tension in the latter 
case being regulated by moving the weight nearer to or 
fartlje^ from the fulernm. No absolute rules can be 
made as J o the amount of tension necessary on the 
blade, as this depends largely on the size and nature of 
the wood, the gauge, width, and condition of siivv, and 
rate of feed of the wood. If the- rate of feed, is fast, the 
tension of the saw must bo increased to eyiable it to 
face the wood w\j,hout buckling. Great tension is bad, 
aijd often leads to fractures, especially if there should 
be any small cracks in the blade, a conditioq, often 
found ,in ^saws of hard, or crystalline steel. 'More 
tensioa on the saw should not be given than is required 
to keep it to the line. The slide .jhpuld be so evenly 
elastic that, shoulo the saw mee*^^ an obstruction and 
give a jun.p, the spring or lover compensating arrange¬ 
ment would give with it, and so save a fracture. 

Saw Guides. —One of the chief troubles found in 
the early band-sawing nachine for logs was the difii- 
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culty of keeping the saw blade in a vertical 

line whem sawing hea\^ timber. . This has now, how- 
3ver, been •in «i large degrea surmounted by^ means 
which we vwll briefly discuss. In the first’place it is 
important that tl»^ saw be guiiled an8 supported “is it 
snters and l^iA'^s the wood. This has*i)een done in a 
variety of ways. The best wifh wlpch we jrer acquainted 
is to fit*in the table an adjustable *motailft fnotion 
revolving guide wheel to teccive tli^ back thuust of the 
saw, and an adjiistablo guide fitted immediately be¬ 
neath the table, with if similar guide arranged Jh aii 
adjustable counterbalanced slide, fixed* immediately 
above tlie surface of the wood. If flic work is very 
difficult two pairs of movflblc sfeel rollers placed 
immediately above the cut and below the table can be 
used. With these revolving rollers the friction is very 
small, and the*saw is supported considerablv^ ‘The 
oriljnary flat adjustable guides are usnally^^of wood. 
Apple or pear wood soaked in oil is suitable, bu^ some 
niftli*ra use plates of steel. ,In sawtng resinous woods, 
where it is^necessaiy ti5 keep the blade clean by lubri¬ 
cating it, tJie writer has used with advantage an oil-box 
guide. This is made in gun-metal, and consists chiefly 
of two flat oil-boxes, placed oiiq on each side of the s^w. 
The sides of the boxes nearest the^saw blade are made 
adjustable, and drilled witli,a iiwrabe*’of*«niajl holes, 
'through which the oil can percolate. Hard brushes 
can atso be*fixed^ijsweep tlfb blade clean at the back 
of the machine with adva^itage. *toie packing pieces^ 
whether of wood*or metal, should be adjusted so as to 
just touch the blu^le on^eitheis sWe,^ and lo prevent its 
undue*v^rationjin forking. Another plan to keep the 
saw to the line is to dejlect ♦he bladehis it enters and 
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leaves tlie -Aut by means of side friction ’•oilers placed 
on a spindle vertically and made to bear against it. 
The revolving steel^rollei* receiving the -back thrust of 
the blade ihust be capable of adjustment, ‘is the duty 
is very severe, and the blade must not be allowed to 
cut too deeply ftito it, or it will have a tendency to heat 
and twist tile blade. The roller need not be more than 
^ in» thicR; it should be about 4 in.-diameter, made of 
hardened -steel, fitted on a’steel spindle carefully 
mounted in phosphor-bronze bearings. These, together 
with the loiVer side guides, ‘can be mounted with 
advantage oir a bracket arranged to swivel so that the 
guide may be readily adjusted to the plane of the saw 
blade. 

We illustrate in fig. 44 an improved form of guide 
and guide arm, of American origin, in which the pivot 
is ifl ,’ine witlothe teeth of the sawt,' hut slightly to 
one side,.4ind it is stated that the amount of move¬ 
ment vvhicli* this position entails upon the cutting 
edge of the saw is so sligljt us to be immaterial. , Tlie 
hardened steel roller is fitted between steel plates; the 
outside plate is g in. thick, with a slot cut in,it to make 
room for the mvt on’the roller. This outside plate is 
liojted to the guide casting by three stud bolts, which 
pass through adjusting steel plugs, thus enabling the 
distancp between the plates to be altered at will. ‘The 
upper* and lower edges of the plates »re bevelled a.s“ 
3ihowny>and the stde guide's, which «rp gibg. of brass.or 
.steel, ai-e slipped .bn and >3crewH'l fast. The whole 
guide is tlien pivoted close to the cutting edge of the 
saw, and by l&sening one nut the guide may be adjusted 
by the handle shown at the back whilst the saW is in 
motion. 
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We have .seen illlo^hel• very good guidi, consisting 
of a hiisd si eel disc Arranged to rotate on its axis, 
so as to prest^nt fresh wearUig suffaces to the back of 
the saw. ,Tha side ^ides* ai-e t\vhalf dijcs, which 
are rnfide it eiubin^e the sides of the saw, and can be 
readily adju^te{?,by a screw when tlie s;i^ is in motion. 

Timber Carriaue.—T ins 's ufuiaUy'a table of 
wrought iron run«iii*g on friction rt^lers at railsf and 
operated by steam, rai’k tfnd pinion, or friction gearing. 



It should be fitted with adjustable* sliding heads and 
dogs for Lohling the tiniljer SrraJy ii. position, and be 
spee'ded travel from, say, -5 ft. Jo lo t ft.’per minute, 
according to Jthe size and nature .of the wood to 6e 
SiswiE Bycneai^^of a haml* lever and suitable-frictio* 
gear the traverse ol' the ta^le maji be readily started,' 
stopped, or revefsed,* as may be.required. By the 
employment of a friction disc the rate 9f feed may be 
regulated to a mcety. Rope fteds'and feeds simitar to 
those used in rack saw\encl»s are als® used, but care 
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must be talrfn that the speed of the feed is uot excessive, 
or the saw blade may be buckled* and broken,.as, being 
of much thinner gaiiy;e aud usually running »t a slower 
speed than'a circular saw, it will not stand so much 
‘ crowding.’ The levers and hand wheels controlling 
the stopping, Starting, feeding, and adjusting of the 
logs should'be placed so'as to be readily under the 
cont’’olof the operator, and as near together as<may be. 
In the most advanced machines the headibloeks can be 
simultar.Dously moved by a lever, and the thickness of 
the cut regulated to the greah^st exactness by means of 
an indexed gauge plate. 

Band Saw Bdades. —It need hardly be said that 
no matter how well a machine be designed and made, 
unless the cnltiiig tool is of the finest quality the 
result is always unsatisfactory. What is required in a 
band saw is toughness combined with a certain degree 
of hardness. If the blade be too soft it will not stand 
to its work, ..nd will require constant sharpening. If 
it be too hard it will crystallise and break; it must, 
however, be sufficiently hard to keep well its cutting 
edge. French bandsaws have long been held in the 
liest repute, but .some English firms are now making 
very good ones. It is not easy to distinguish by in- 
siwction the quality or temper of a saw bhwte, <ind a 
user jiinst nece’ssarrly rely to a great extent on the 
repuh'^of the saw maker. Not a Vud test is to* 
* hamnn?r set’ a few of Ine teeth »''iraely, and if ^e 
.temper is too hnrik^a tooth •will [x-obably crack. 'The 
gauge of •the saw should he in firoportion to the 
diameter ot tfie saw wheels and the nature of the work. 
A thin gauge saw will' stand better than a thick one, 
then*fore a siivf of a greater gauge than is required to 
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stan<l up to Bho work ^should not be selected; but for 
cutting bard, close-grained woods, such as oak, beech, 
Ace., a thicker saw will bj required than for, medium 
and soft frooJls. Lotig blades will, stand'better than 
short ones. To dc» thoroughly satisfactory worku, band 
saw should bav% tceth.correjt in shape, and the blade 
be uniform in gaqge, width, toothing,' sharpening, 
setting,* and temper. The question as to </e shf^ie of 
the teeth is if matter not easily dealt with, hs it should 
be regulated by the ndturo of the wood the^ have to* 
cut. Teeth with square or angular guflets should be 
avoided, as they are more likely to crack at die roots 

of the teeth than those with rounded gullets. For con- 

# 
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vertHjg ordinary timber a saw with teeiii similar to 
fig. ^5 is suitable. For sawing oal:. ash, elm, and hard 
woods generally' moni teeth should be need than for 
soft wood? and these filed farther, back. For woods of' 
woolly fibre, such as poplar, saws wjtii deep teeth and 
coarse space and set should te omployed, to allow, an 
easy clearance for the sawdust, and overcome its cling¬ 
ing properties. Coarse tet'tb aAcl set shSulA also J>e 
used/or cuttitig pitch pine. For 80 ft woods Ordinary, 
haivl-saw &eth 8 re often uspd. It, is importanf that all, 
the saw teeth be |lilirpen&l and set alike. With this 
object in view, automatic sharpening and setting^ 
machjpes have (been* introduced, with satisfactory 

‘ See Siw JftlUi^Aetr ArAuij/emegt and Mana^emtnt, by M. Powis 

SlU6* 
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results. A'suitable gauge for saws 8 fti, wide for 
cutting soft and medium woods is 17 S.W.C?. with a 
pitch of about in." The' amount of set shduld vary 
according to the density of the Wood, tfie harder the 
wood the less the amount of set necessary and the 
greater the number of teeth. For cOnV'^rting very 
hard woods^. such rs iron wood, the author prefers fine¬ 
toothed and set mill saws to either‘circular dt band 
saws. For sawing dfeals, band-sawing machines carry¬ 
ing two b’lades have been introduced into this country 
with success, a cutting speed of about 6 ft. per minute 
being maintivined, with a kerf loss of about in. for 
each cut. It is very important, in order to secure an 
even motion on the saw blade, that the brazing be 
very completely done, and that the joint be of exactly 
the same thickness as (he rest of the blade. 

SPKifb OP Saw' Bi.adr.— The question of the speed 
of the blaJ.^ is a factor of considerable importance^." 
securing efficient working. A short saw running over 
medium-sized wheels cannoi, with safety, be ruit so 
fast as a long saw ranning over large ones, fey several 
thousand feet per min".te. A speed of frcfm 5,*1)00 ft. to 
10,000 ft. per inir.hte—according to the nature of the 
Wei's: and construction of the machine—.may be con¬ 
sidered a fair, ma^’gin.^ 

f NoTfi^ o?r WoEKiNO.--'Keep the saw to a moderate 
tension and see that the jvheel coverings are nqt al- 
‘lowed to get nough tor worn. When'kawing resiivous 
woods, keep the bl^e as clean.as*^ possible by lubri¬ 
cating and br/i.shing iji. After taking a cut the log 
should be set back wery, slightly, so .as to cleqr the 
teeth of the saw, as the ^able runs back, preparatory 
to taking another cut. The* saw should never be 
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crowded witu too quick a feed, or it wilj.liwist and 
buckle and not cut rtuc and regular. Emerson, an 
Americiin•manufacturer of r^iws, gives the following 
instructioMS fdt straigttenuig band saws. M’.band saws 
contain lumps oiTjtwists, put them oii the wheels, and 
at the tensipfl they are to he run. Use a light, oval¬ 
faced hand-hammer J:'or thin, narrow ^aws, a heavier 
hammer for wider and thicker ones, aiid a ghort 
straight-edge? say 6 in.*long, for, narrow gaws, and a 
longer one for wide saws. The tongue of a cafpenter’s* 
or machinist’s try squafe, if straight^ will ai.sweit Oo 
over the saw carefully with the straight-edge, and 
mark the lum 2 )s and high places on both sides of the 
saw. Now hold the oval facft (end) ot a carpenter’s or 
millwright’s mallet against the side of the saw, exactly 
on the oi^posite side from the marked places, which 
should he marked with chalk, "fou vqill find tljp,t a few 
('"ifet blows against the saw oijposite the smooth face of 
the igallet will knock out the lumps. lYork rfn both 
ina/ted sides as you go al^ng, watching very carefully 
with youif slraight-ed^e as you j)i'oceeJ, aii^ you will at 
once see •that the lumps or high places begin to disi 
appear. If your saw has been s^jung edgewise by. 
gumming or,cutting out the fgeth witfi a press gummor, 
tah;p most of the weight off the saw, so as only to hav^ 
barely tension enough to hold the sdw ^aiji^ht on its 
sideg! use a*long straight-edge, say 18 in. tp 20 ^ 11 . 
Ibn^, and he 8U#3 that it i9 straight. If the. back 
the saw is found *to^ be •hollowing, hoJ^ the fime of ^a 
heavy hand-hammer against one side of the saw, and, 
with a lighter hund-hjynmerj hammer tBe blade againsfr 
the faq^ of the,lafge hand-hahrmer, commencing at the 
edge of the saw near ,the hack, working towards the 
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roots of thoi.teeth, thus stretching the saw at the back. 
Striking light blows on a thin, narrow saw, and heavier 
ones on a wide, thick saw, will soon bring them straight 
on the back. The principle of this operation is that 
you stretch the steel at the back of the saw. A band 
saw will work' badly if the culting„edge becomes 
stretched so that.,it i^ hollow-backed. It will work 
muck better if the back is stretched a little longor than 
the cutting edge, so .that it will be a triHt rounding on 
the back (but not hx) much). Then, when the saw is 
strained up, the cutting-edge will be a little tighter 
than the back. With a little practice, care, and per¬ 
severance, any ordinary mechanic can make a good 
job, with tools that he can pick up in almost any shop 
or mill using band saws, and will be surprised to learn 
how quickly he can go over a saw, and how much he 
can improve the -working, of it. Unless you want to 
stretch thq saw, use wood and not iron or steel .*tp 
hammer against. ^ 

CiECDiiAE AHD Bahu Saws COMPARED.— Circlar 

c 

saws for breaking down heavy timber, when compared 
.vith band saws used for the same purpose, possess the 
advantage of gre.'i.ter output, and are perhaps a little 
morp easily managed. On the other hand, the band 
saw uses much less power and wastes much less wood. 
The first,cos*' of a good racl(-frcd saw bench and a band 
saw for logs is slightly in favour of the former. In 
America, where circular saws are used cf much thicket 
gauge than they are here, the saving in power and 
wood through using a band saw is coiTespondingly 
Renter. Tn'saWing pine the aveyage qutput on a first- 
rate circular saw in America ma;^ be set,down ftbout 
40,000 ft. per day of ten uours, whilst a band law in 
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the Buine time would produce about 80,0j»flf ft. We 
believe these figures h^ve been exceeded, but think 
they may he taken as a fair* averRge. An American 
authority, in <^)iiapari»g circular and band* saws, says 
that ‘ the kerf of •<jircular* 8 aws average in., apd in 
sawing l,000jifC. of inch boards 312 ft.»is turned into 
sawdust. The average kerf* of ^Jhe ^^ansi saw is about 
■j^ in., and in sawing the same amount of'boarde it 
turns 83 ft. into sawdust.* This sl^ws a char savilTg 
of 229 ft. in favour of tlie band saw on every kyOOO ft., 
and on 1,000,000 ft. of 229,000 ft.,’ a^ enotinous saving 
to say the least. The figures here givon uiu»t, how¬ 
ever, be very considerably discounted when applied to 
this country, as the circular‘Saws in use here are of 
very much thinner gauge; but supposing a reduction 
of 50 per cent., and the saving is^stiy very great. This 
is, of course, particularly the case whe* valuabl* 3 foods 
are converted. Again, if the band-sawing tyachine is 
carefujjy made and handled, the work •produced is 
supeaior to that of the civular* Si^. This may be 
chiefly ac<ft)nntcd for *thron<>h the greatar freedom 
from vibration of the band saw when cutting. As the 
advantages arising from the employinent of Land saws 
become better, known and e{)preLiated, there is litj;le 
doub,t*that they will, on their merits, rapidly supersede 
large circular saws for converting4ieavy lo^. , ^ 

Fig. 46 reptbsents a patent horizontal log b.ibd saw 
hy*A Ransotno a»i L/o., Liiniteil, whj h vvo, long (liadc a* 
special study of this lygo ofimachine.* 

AjSjWill 1)0 seen from tlie illustration the entire 
machine, including; the gear fin: tvorking llio* travelling' 
carriage^jnd for jraiSiug,aud lowering the saw carriage, 
is mounted on a cast-irog bed])lato, and this being fixed 
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on a l)cd *,f concrete on the gvountl level,'no excavations 
are necessmy. 

The,saw wheels fir<\ niitil^ of tough east iroli, and fitted 
with wror.ght stee) spokes cast in,'the driving'.vheel being 
someivhat heavier than the driven one to prevent over¬ 
running. Both wheels are turne/l all over f,nd accurately 
balanced, alid tho^spokes are S('t stijggcred. The saw blade 
is ran nie'al to metal at a speed of 7,*300 ft. pci'iniiiute. 

'file si».v-whuel spiudle.s are of steel 'running in long 
antitric'tion roller bearings. 

‘riie requ'isite j:ension to the'saw blade is regulated by 
a patented airangenient of levers, wliieh can be ri-adily 
varied to suit difl'erent widths and gauges of saws, and it 
is claimed that the tensioli always remains constant, any 
elongation of the blade being automatically taken up by 
a weighted lever. _ ^ 

TIm.' avsting #111 which the saw wheels are carried is 
provided .with two long sockets, which are bored to {it 
the two veivieal columns of the machine on which the 
saw carriage rises ilnd’falls,,and as these sockets arv long 
and of largo diameter, the weat on them is* very small 
and they will work for a long period without vibration, 
an advantage oyer the ordinary flat slides and strips 
which rerjuire inore or Itj.'ts frerjuent adjustment. 

The vortical movement of, the saw carriage is aoituatcd 
by two str^lng, 'squaiw-thr^aded screws which are made 
{o rotote iii cithar direction by suitable machine-cut* 
gearing. An ad/nstahle fotary microcieter'and fiointer 
is fitted, by \vhich,iAie opefiU.or can adjust the saw'with 
great exactitude t« cut Iroards of ady desired thickness 
without mfeaslrring or calculation, and the distance of the 
saw from the log ca'rriagb is shown hj a jotaiy scafb which 
automatically mdicates tlie ex^^ position of the saw. 
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THK CONST^UCTIOK AND MANAIiTOlENT OF»BAND- 
KAWIN<!*MAOJHNBS. 

Many of our remarks on log baml-sawing^naebiues will 
apply also to those of ordinary coiistmctiou, but wo may 
say that, to make a leally eSicient machine, the main 
framing should be rigid and cast in one piece, and of a 
height not greater than is absolutely required for 
working. Holl<^v or ‘ box ’‘franniig if^ to be pr^>f«rred, 
but.for light machines a stout tlaiige casting may be 
sufficient; the base of the machine ®hould,b(f extended,. 
alTd,^iven these, freedom from cxocssive vibration in 
working imiy be secured. * ^ 

To insure epsy manipulation of the wood, it will be, 
necessary to bow the main frann? su^ciently to allow 
of ample space between it itnd thJ ^aw. The next 
most •important point is j;he construction of the saw 
wheels. These should be of^as hgige atliaii^eter as may 
be convenientf and combine strengyi with liglitness In 
thfe h’ghest^possiJjle degree, Slid be perfectly in balances' 
An elastic rubber biwid or sdshiou mjist also be provided' 
for the saw h? rid? on. 

In the best jiractice^the old oast-iron flahged wheels 
have giv^n plaqe to light steel or'wrought-iron ones, 
made somewhat after the fashion of biqycle wheels and 
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without flftfiges. The top wheel ia arranged to cant, 
thus directing the saw to run on any part of the peri¬ 
phery and equalising theiwear on the e'astio covering. 
The top Biw wheel must be mounted elastically, and 
the author has found for he'avy macnines two pairs of 
bearings—mounted in a slide for the tap wheel, and in 
standards or ipedestids for thejbottom wheel—to be 
preferable to single bearings or the plan of mounting 
the wheel'' to run c*i studs. To keep she saw to its 
proper tension, and lessen the breakage of the blades, a 
weighted counterbalance lever, or a spring arrangement, 
must in all cases be fitted to the top slide. An ex¬ 
tremely important matter is the guiding and supporting 
of the saw blade as it enters and leaves the wood; this 
may be done by fitting in the table metallic friction 
guide wheels to receive the back thrust of the saw, an 
adjustable woodtin guide immediately beneath the table 
and a similar guide fitted in an adjustable counter¬ 
balanced slidb fixed immediately above the surface of 
the wood. 

The table must, of course, be arrangeu' to siit to 
angle: this is usually done by means of-a slOtitcd quad¬ 
rant and stud, but the trouble of unslacking the nut 
and uncertainly of fixing the table may be obviated by 
forming a worm on the quadiiint, and working it by a 
worm and hand wliJld. The table can thus be set (o 
any deSlred angle, vfith the greatest nicetj’. 

Befdre coipmcn<,'ing work, the m£chinu shoul^ he 
carefully fixed to it dead Ic'hl, and it would be well to 
place bcucatli the 'base-plate a sheet of felt, as this 
has a tendency to absorb and lesser the vibration in 
working, especially if the machine te placed on an 
upper floor. 
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THE BEEAK^OE OF BAND-SAWS.** 

Wlijf band saws break 9 that^is the question. 

Many p^eopfe wonli} pr(A)a*bly say because tSiey are 
not strong enough^ but when we constder tha^ the limit 
of endurance,a jointed and strained b^id saw bKide is 
not less than* 180 lbs. for every ^ of its w^dth, some¬ 
thing beyond fair t^sa^e must accountfor the^ constant 
breakage. T t|i,ke it the ehiof causes of breakage may 
be set down as follows 

1. Impi'operly or badly constructed ifni,chiiics. , 

2. Bad saws. 

3. Saws of too tliick a gauge for the diameter of 
the wheels. 

4. Saw wheels too small, too heavy, or out of 
balance. 

5. Want of elastic tensfion fn fiiounting saw 
wheels. 

C. Too great or sudden a tensio?), or w]i(4l ccxvering, 
wtji'n, br out of order. 

7. In *)vercommg dhe inertia hf starting the top 
wheel, and froni the top wheel overrunning the bottom 
wheel and sa w. 

8 . From the expansion of worWii^ and the omis¬ 
sion to loosen* the saw blade as it contracts after tinish-« 
ing work. 

9 . TmprojV'r method of receiving the back jjirnstaif 
the saw. 

To. From impeVfect V'hzing Hyd the joint being* 
thicker than the 6the? par\ of the Ida le. . 

11. Prom chips dropping Jbetiveen tlm tdadeandth^ 
bottoib saw wh^l.* 

12 . "fnsnfticient guides f«r the say as it enters or 
leavesdhe cut. 
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13. Improper toeth or width of blade^ for the wood 
or work to oe done. 

14. Improper and uneven sharpening and setting. 

16. Improper speed. 

16. Imprope” >vorking, such as , forcing the saw, 
usins: dull saws, &o. 

There yiay be other reasons for breakage than 
above, but these ai’e the chief ones the writer can call 
to mind at the moment; pi'iVJtieal reaijers can add to 
the list. 

Peforring to cause of breakage No. 1 on the list, 
we have already given some notes on the points to be 
desired in a well-constructed machine which will suffi- 
(uently answer this. 

With reference to band saws (No. 2), the user has 
to a gi'eat extent to place himself in the hands of the 
saw-piaker, as it is ditl'.cult to distinguish by inspection 
the quality or temper of'a saw blade. By bonding the 
blade or b,^ setting some of the teeth coarsely you can 
in a degree judge its elasticity as to its temper, as, 
should it be too hard, it would probably crack. A 
blade eitln-'r too hard nr too soft is useh'ss ; ^hat is re¬ 
quired in a band saw is toughness, and a certain degree 
of hardness combii.ed. (3) A fruitful cause of breakage 
of the blades is the use of band saws of too thick a 
gauge for the sire oi the saw wheels on which theyVun. 
The bilges when iq^work are subjected to several severe' 
strains,^ the chief of which are bending and t-orsibnal; 
this is particularly the case q’hen thick saws are rub on 
wheels of s.mall diameter, as the arc of conhict of the 
,.iw and w!\ee' is too sharp. It is a mistake to use 
thick saws; o tiiin mw xvill iwnd better lhan a 

th!rk one. 
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4. As we have elsewhere remarked, saw vyHeels of 
small diameter are to Ijc avoided. We prdffer to run 
wheels without flanges on them. -5. A very important 
point in working band .-•aws is *10 secure a constant and 
even tension on tin;saw blaije; at the snipe tim6 the ten¬ 
sion should be i;1asti*c, and not rigid, to allow for tl/b ex¬ 
pansion and <?on?ractioit of tin; saw, as the friction of 
working ^sets up he.at? which causes the* bf;ule to ex¬ 
pand, and wl.ey the maclyno is at rest, and 4116 bft,do 
becomes cool, it contracts again. Should the*saw catch 
in a knot or nail and gi^e a jump, if the4^ sa^ wjicel 
is mounted rigidly it will almost invariably snap, but 
should it be elastically mounted it will give with the 
saw, and so save its fracture. , 

6. Some operators run their saws at too great a ten¬ 
sion, and should this be suddenly increased by the saw 
striking some havtl substance^ fraoturivis tlie result ^or if 
the clastic saw wheel covering ft allowc?' to get w^>rn the 
saw* becomes twisted in running and brealfcge,often 
ensues? This latter can be avoide^ by arranging the 
lop saw w|jeel to cant, ;ind So leadii^ the saw to any 
part of thejieri^bery, aiul thus equalising theVear of the 
rubber covering. Should saws be nm at too greattension, 
the excessive friction rapidly alters th% granular struc¬ 
ture qf the stdbl, which becomes crystallised and s(^n 
cracks and fractures. 

» 7. In wording band-sa\fiflg n^achines it* is im- 

pijriaht th^ th(w should be, set in .notion gradually^ 
moi% particularly where ^the winJbls aw? of ttie old- 
fashioned type a»d Iftavy*, as it talje-^ a little time t<J 
overcome the inertia of the top saw wlwelf and if tl*^ 
power^is appliefl ilU at 8nce there i;? a considerable ten¬ 
dency th* snap The blade fr<yn the sudden strain put 
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upon it". * To ov^Mome this, striking or belt gear can 
be worked wy means of a very ooarse screw. This can 
also be applied to the starting of heavy planing machines 
with decided advantage. 

A fruitful ce.iKe of breaiage of.the blades is the 
overrunning by the top wheel of the bottom or driving 
wheel of the saw, and also, of the saw itseh'. When the 
top saw wheel is ruhning at full speed it necessarily 
acquires a considerable momentum, and acts somewhat 
after the fashion of a fly wheel; consequently, when 
the speed of the saw blade is suddenly checked by its 
entry into the wood os it commences to saw, the 
acquired momentum of the top wheel not being checked 
in a like proportion overruns the saw and the driving 
wheel, and creeps, so to speak, up the back of the saw, 
and consequently buckles or breaks it at the point of 
resistance, viz. whereethe saw enters < the wood. The 
remedy for this is to construct the top saw wheel as 
light ’ns possible, make it in perfect balance, mount it 
elastically, and cover it with a thick band—say •'J in<— 
of vulcanised indiarubber; These arrangements will 
neutralise to a considerable degree the sudden strain put 
on the saw at starting, and largely obviate the over¬ 
running above s-'lluded to. 

■ 8. 8 fiw hladen should in all canes be slackened out after 
finishing wwk. ..Notwithstanding the small area of the 
Wade in frictional contact with' the wood, and the con-, 
stant cooling a<?tion of .the air through which tJie 
saw passes, a' consalerable amount of heat is often 
engendered in the,blade, especially in sawing resinous 
MV diflSculb w lods. Consequently, the blade expands 
considerably, and the clack is taken up by the ope¬ 
rator. When the work i'’ over, and tlie frictfon on the 
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blade removed, it immediately commences <1/contract. 
Should it not be at liberty to do this^ from the tension 
not being removed, cracks the ro'bts of the teeth are 
the result; tConSequcntly, when the 8a^\is started again 
it dies. When rubbers are'put on the wheels new'they 
may give sufl^femtly to^allow^of the necessary contrac¬ 
tion, but when they V|pcome worn an«J hkr(f or where 
leather coverings are used, tlie above is usually %he 
result. 

9. Another cause of the breakage of the blades an 
improper method of receiving their back thi-ust. The 
best way to do this has been tlie subject'of consider¬ 
able discussion. We prefer to fit revolving steel discs 
for this purpose, as the bacf of the saw blade doe? 
not so readily cut into them as with fixed ones. If a 
disc is allowed to get deeply gr#ovo»l, the blaite gets 
buckled and twisted, and often breaks. 

Ip. Imperfect brazing is another '■ause of Breakage. 
To secure a steady and even motion on the saw blade, 
it il important that the brazing b(?ca<-efu)ly and neatly 
done (see p.*888). 

11. Chips may be prevented divpping between the 
saw blade and the bottom whecl.by utti«dhing an angular 
guard to the fra-iue of the macWne. 

12 ^.'No comment is ndt-'ded with gespuct to in¬ 
sufficient guides. 

* 18. ^The pi\l)i(‘r"shape and^ pitch of the teeth is a 

mafter of gr^at n«>nient in’ ti>e suefessfut working of 
band saws. Shouli^tbeth be used nnsurted to^the wood 
being cut, a largely increased friction on Jho blade is* 
set up, tjie tcetluuiv riipWly diilled or broken, and the 
work turp^ out i* inferipr. ^or sawing all ordinary 
woods of the Pinus family»ordinai^' hand saw teeth are 
g,B 



379 >f'ooir>-n'o/!/(//\’d machinkky. 

suitable, Ypept t'ol' pitoli piiio; for working this wood 
coarsely spaced and set teethsare suitable., We can 
recommend for durability saws witli gullet teeth, that 
is, rounded at the root, as they are less liable to fracture 
than, saws witli "the roots- running to an angle, as 
the fracture in the blade is found almost inrariably 
to comme-icij at the point df this angle. Owing, 
hoivever,fto small gullet teeth b^ing more trqublesome 
to sharpen, the hand saw teeth are now largely em¬ 
ployed, For sawing oak, ash, dm, and hard woods 
geifeiully, moi-e teeth or points, say live or six to the 
inch, should, be used, and these filed farther back. For 
heavy sawing, peg teeth with round gullets are to lx- 
preferred. For woods of woolly fibre, such as Knglish 
poplar, saws with deep teeth should be used, with 
coarse space, and set to iillow au easy clmiranee for the 
sawdust and overeonli' its*clinging properties. Sawsot 
a width suited to the work should be used, and wide 
saw^should never be twisted round sharp curves, or 
they will buckle' and run out of truth. For 'Straight 
work a wjder saw may be used with advantage. 

14.* Care must bn taken that the saw teeth arc 
uiiifonnly set ipid Sharpened. Uneven and improper 
.setting causes a eonsiderable amount of tension to the 
saw blade, increased friction crystallisihg thestpel,and 
consequevV hii'aKagn. The teeth of band saws Should 
l)y pj-'ferelioe be- set by light, eavefiilly given blowi^ 
instead of beiiuing, which unless very carefully jair- 
formed, is more liable to'boekle the blades and prevent 
them running tone. Several 'litUe uiaeliines are now 
made, by" which saws .can be accurately set to any 
desired coarseness by Vi blow simikir to that given by a 
hammer instirid of by ada-mlihg pressure. Jl'band saw 
sllerpeiiing machine‘hu.s also been construeti'd, which 
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automatically .sliiirpens all the tee*kh alik'^.^* By im¬ 
proving tips quality of the work iiiid reducing the fric¬ 
tion on,^anjl consequent breakage the saw blades, 
these inachmes should very Apidly earn theif first cost. 

15. 'I'he spewhat whici. the saw Made travelg has 
much !o do limits cutting e'liciency. •Saws running 
on small wheels, say, bhlow tJ ft. diamej^r/cannot be 
run with,safety so Jp-sf as on larger wheels. eSpeaUng 
generally, saw ,blades working on ^heels up to 3 ft. 
diameter Citn be run up to 4,500 ft. per min>ite for soft 
and medium woods, thi»t is, presupposing* a well-ton- 
structed machine to be used. For sawing hard woods 
up to 3,500 ft. per minute, with saw wheels above 3 ft. 
diameter, these speeds may bi^increased. 

16. We need hardly say a bad workman may break 
any amount of .saws by forcing them, bending them 
edgeways, using Hull saws, or,saws bij wide o» Stout 
for the work, &c. If in working a properly s^iarpenod 
and set blade should have a tendency to bind, it pro- 
baWy^alises from insufficiency of»throat room in the 
teeth, [t would be wcllftherefore, to tty a sa»r with the 
teeth set a Uttle,fni-ther apart: this will not cut quite 
so fast, but the sawdust will have !ini% to escape, and 
the binding should be done aw!\j' with. 

In *;oncluding our rouiavks on w^orking baud saws, 
there*is little doubt that—givipi,in*Hbe t?rstVtst 5 |.nce 
Well-constructed machine, a carefid operator, 'i.n#a saw 
blade unfform in, gauge, widfli, toojhing^sharpening, 
settiifg, and temper—»a band sawing machine is one of 
the most money-eartiing and valuabl(?o+' all wood-work¬ 
ing machines, not only the* ordinary curved work, 
for whiA it is ggnCTally used. But for breaking down 
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CIIAPMR XLriI. 

OIHCJUJjAR saws ; TJIKIU aujOstmknt AWD 
managbIIiknt. 

As “good aaJrs eauiiot rnn projAirly in a bad inacluiie; it 
may be ms wll to consider briefly, in the first place, 
what points of construction are to te desired in a really 
efficient saw bencli. Iiothe most advanced practice the 
main frame is invariably made on the ‘ box ’ system, 
and cast in one piece, and there is little doubt that 
the" strains and vibrations of workiMg are thus more 
readily absorbed than is the case where the frame is 
puttogethfr in sections. The face and edges of the 
{able must be truly planed. 

We now come to a very important matter in all 
wood-working machines, viz. the bearings; and we 
cannot help thinking that, having in mind the constant 
and severe strains to 'which they are subjected, the 
majority of them in this country are made much too 
^short; tlri beiiring-surface is thus limited, and con- 
scqu(*..‘lly the pn^-ssiire on it is very-gro;it. In AmerioA 
long bearings ha\;e beefl the rule fqr years, aild »ome 
few Knglish firiiH are at'lenglli introducing the system, 
with the* result that, owing to'the' pressure being dis- 
tributed,'the frietiorf aful consequent he.ating and wear 
are reduced and their' longevity largely increiiJed. 
lu preference to white metal alloys as ilsed in the 



CIRCULAR SA WS. t j73 

States, gun-mttal and phosphor-bronze are t]^,!naterial8 
usually employed hevo,^nd a bearing of from three to 
four diainetcrs jn h'ligth can Ije recommended. For all 
saws abovm 30 in. in diameter, three sets d£ bearings 
should be fit^d, oftg of these being placed outsidp the 
driving pullejs*to overcome the pull of the belt. The 
author recommended Jliat this latter beas-ing be made 
adjustabte’ for wear ; this can rea.fily b^ done, by 
dividing the tearing vertically an<i uneveidy, and by 
■passing set screws through the side of the pedestal. In 
large benches, at any rftte, it will be ^fountl convotlicnt 
to let the bearings in from the top of the 4)60011 and fit 
in false plates in preference to fitting them in plnmmer 
blocks bolted to the under ^irface of the frame. To 
insuri' the saw spindle running true, all bearings 
should be bored out in theirjiluces ii^stead of in a lathe 
as is occasionally done. The *aw spij»dle shoiiMlje of 
steiJ and free from seams or hard places, ^nd fitted 
with an adjustable lock-nut to take.' up the end'wear. ' 
Tte saw collars and stead;j pin* shtiuld be very care¬ 
fully roadfl, and the liftter be an easy fit» or it may 
throw the*saw slightly out of centre. The ^lole in* 
which the pin is fitted should be canutorsunk. The 
fence should jie very accurately jilaned, arranged .to 
bevej,*and fitted with strips and fiip* adjustment screw* 
for accurately gauging the iUicl*hess of t\ie jut. In 
heavy,macliiufs, sf lever pressure roller and ivS^ht for 
hol^jng the wo*d up to the* fencawill,be neCessaryt^ 
and the drag-rope^ rtd^cr, l^ieiu, rack or other feed fo* 
taking the wood thfongh the saw islisually fitted. ' We 
take il^a very important factoh fn tjio effective working 
of circu^r saw beneheg is foiiiul in the diameter and 
widtli of the driving pulleys employed. • Many of these 
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are undoubtedly made of too small a diameter and too 
narrow on the face for the work they have to perform; 
on this point we shall have something to say further 
on. These pulleys should be crowned on the face, and 
the pulley driving them flat, and of* a width equal to 
both of them. With reference,to thclot'se pulleys on 
saw benches, there is little doubt .that they are amongst 
the most troublesome things in a saw-mill to' keep in 
order, and it may not be out of place to say a few words 
thereon. In the first place, the^ are not always properly 
designed for the work they have to perform, the 
same pattern'heiug used for all kinds of duty. 

For use on saw benches, where the sjieeds are high 
and the belts often heavy, the pulleys should in all 
cases be bored and rhymered perfectly true. If an 
ordinary loose pulley be used, the ^ boss should be 
extended so as tb project, say, an inch beyond the rim 
of the pul’ey ; the inside of the boss should be recessed 
and an oilwby cut. The pulley should lit thp shaft 
easily but not loosely,'so a? to admit of a thin Ihin of 
oil penetntting between the pulley and tin? shaft, the 
object being for the pulley to ride on the oil'and notoi: 
the shaft. For oie' in saw benches, the loose pulley can, 
with advantage, be made of less diaraete” than the fast, 
so that the driving belt is relieved from strain when 
Rot at wo^n and has tit.ie to recover its elasticity;, 
it is usual in thii: case to make the loose pulley, with 
an inclnied flange ‘‘leading up to the fast pulley to 
facilitate the slnffting of the, be|t..' The oil-holes 
£*’ould in all cases be of amph; size, and either a 
lubricator or pipe •fitte;(il. The lubrication should be 
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carefully atleoded to, especially wtien th^^|)ulley is 
nfew; shoald it once be*iillowcd to seize, it will require 
re-rhymeri»g, <iv it will be cj)usta<itly giving trouble. 

If propcrlj* fitted and* lubricated, cast iron*;nakes an 
excellent we 9 .i'iug%jirfacu; a little fine plumbago intro¬ 
duced into tljrf eil wilt keep it longer Jh the bearing, 
and by filling up tli% Jittlo pires in the iroi», produce a 
fine, snutotli surface. Should the loo^e pullaj be made 
of less diamelfer than thfi tight, tljp diirereuce should 
not be great, say not more than 1 in., or, in .shifting ' 
the bi.“lt from the loose t>n to the tight, It* will become 
unevenly stretched on the one side, and*bc apt to run 
out of truth. In many cases it will be found an 
excellent plan to arrange thif loose pulley to run on a 
sleeve of cast iron. A. patent, in this direction has been 
taken out, of which we hear satisfactory results. In 
this plan the boss of the loose, puH.iy ss somevwiitrt en¬ 
larged, and made to revolve on a sleeve instead of on 
the sh^ft itself. Tue pulley boss is recessed to form an» 
oil chamber, and the oil ij supplitfd in the usual way 
through aTpipe, and is\)revented from leaving the bear¬ 
ing by m«*.vns sf a flange tilted to the end of the boss,* 
and by the centrifugal force engendered when the pulley ■ 
is set in motipn, which cau.sc%the oAto fly immediately 
to tjib largest diameter, wbii'h is the working or rubbing 
face of the sleeve. Tight ti(Jts,*\>fteS to*<» narrow for 
the vork, art? a fhiitful cause of lot)se pulleyi^rinding 
on j;he shaft aii«l getting but of orjer. The uKthor hits 
recently patented b. ^sysV'ui of btvshiiig loose pulleys 
with glass, which lias every nppeartiiice of being highly 
successful. In yds cane theliifsh is cvenafed in sucITtr 
inannes*that a eupply ^f lubricating material—of which 
very little is required—Jis retained in i*. 
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Circular saws 'may run out of truth .from a great 
variety of causes, amongst which the follewing are 
perhaps the chief, hut practical operators wjll, be able 
to aild to the list:— 

1. Shws of too thin a gauge for fLo work. 

2. Imgular setting. 

3. Iinproppr form of tteth for the worTc. 

4. Tooi rapid a feed of the timber. 

5. Improper sharpening of the teeth 

(». T.eeth of an improper pitch, or with insufiScient 
gulley space to allow sawdust to escape freely. 

7. Saw plate unevenly ‘ balanced,’ or improperly 
hung. 

8 . yaw becoming ‘bv.ckled’ through overheating 
from the friction of the wood or heat from Ix'ar- 
ings &c. 

Cflllsf or steady pjn of saw spiiiiile out of truth. 

TO. Saw plate of too mild a temper or untfuly 
ground. 

11. S aw not compensated, hammered, or distorted 
enough whjn cold—by the mnl.er -to run true when 
warm aii'd at its full speed. 

12. Too mne^ ‘ lead ’ or rake on the saw teeth. 

13. Saw teeth altoweijl to get out of sjia.ee or shape. 

1 k Too long a saw guide or fence, causing br.idiug 

of the woo(^ 

15. i-iproper p^.eking of the saw.- 

16. .Hinding of the 'citr.ber throi’gh ■'not beirtg 
opencil out ’ as it Jeaves the saw, cr other causes. 

17. Chips getting between saw and packing pieces. 

18. Thrt»u(lh end play on thp spindly ^ 

10. Driving pulley oh the saw sjiinflle beiij^ of too 
small diameter,ror too nufrowpn face, causing slipping 
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of belt and consequent marking on* the wbod, or run¬ 
ning driving belts at t6o short centres. 

20 . JQsing a ‘ frozen ’ saw. 

21. Saws running at too fiigh or too lov»^a*speed. 

1. The tjiiunc®^^ of tlid gauge at \?hich a.saw may 

be safely’rim8(^nds in a large meiisusi! on the nature 
of tlie wood being cuj|. and tfie sl^ill of tfie# operator in 
selecting the right shaped tooth, sharpening«ind ‘ yiek- 
ing ’ the saw properly, afid keeping it in wjat may be 
termed scientific ordm. In America thicjc gauge' 

‘ distorted ’ saws, run ‘with guide pegs,* h\it without 
packing, have hi'cn the fashion, but, as this means 
loss of power and wood, they will, as wood becomes 
dearer, doubtless give way fti favour of thinner ones. 
In selecting a saw, wliat is required is one of a gauge 
not so thick as to waste unnecessarily power oi- 
wood, or so thin as to give.constai*'' trouble* t* keep 
in *order. It must also be borne in mii^l that the 
thinner the gauge of tlie saw, the mare teeth will 
be Inquired to allow of thp santf' itmount of feed; the 
power required will, hbwever, be inereased*iu ratio. A 
thick saw* can*be run at higher speed than a*thin oney 
as it expands less rapidly from the cgntriiugal force set' 
up, and is h'ss likidy to he^onn' ‘ rim ’ rir ‘ centre 
bouifd. • , 

^ 2. Irregular setting is, a tnghtittl cause ot saws 

running froiif tlw5 line and turning*^ut bad wifk. Set- 
tn;g by rule oWhemb is h stupid and wasteful*plan ; In 
all cases a gau"t? ^honVl be us«', whether sprii^g, 
hammer, iir spread setting be emifloyed. 'In working, 
it is ft)und tUitihe teeth of a* saw wear at the side^f 
the points, and if soinp teeth%ave more set than others, 
these are strained unduly, and rajiidlf worn away, and 
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from the soYere and uneven friction are often heated, 
and are inclined to buckle and rdn from the liae. The 
operator, must exere'iSe hip judgment as ^o tk-e amount 
of set required to ^uit different kinds or corditions of 
wood, as it is botli useless and wasteful tq give a saw 
more set than ft absolutely necessary. , Cjire must be 
taken that IJoth sides of tl'ie saw jvre set alike j should 
one be set iViore tlian the other the tetth will, of course, 
lead or run'from the line. 

!?. Iftteeth of an improper form or unsuited to the 
nature of the 'ivood being cut are used, we need hardly 
say that a great amount of friction is set up; in some 
cases the teeth are broken, and the result is fri every 
way unsatisfactory. Teeth of almost any shape and in 
any condition can be driven through the wood by sheer 
force, but this is nvuigjing, not sawing. What is re¬ 
quired *e teeth Of the correct shape for the nature of 
the wood SYwii, and equal in pitch, space, bevel, gul'et, 
'length, and Set. This list may appear a long one, but 
users will find that ifny reasonable amount of dime 
spent in ^kespiiig saws in fine c'Ondition, and working 
‘them in a scientific manner, ft a very paying iilvostment, 
the result being ntqre work of better (juality, less wear 
and tear and expenditurr! of power. Tlio question o( 
the .sha{)e and cutti,iig action of saw teeth is a Sejeu- 
ti,^c matter'of much "impckotance to timber converters, 
,but it w<Tlild require many drawings ahd fiiuch spa^ce to 
,discuss ‘the object fully. ‘ We may'’ sayi speal^iirg 
generally, that for butting si.^! w^ootl ^the angles of the 
teet h shoufd be more or less acufe, according to its 
softness, and those jbr*m*ediuin and .hard wooc^ more 
obtuse in ratio to the varying.densities of tiy? wood. 
It may be some tittle gqide to know that when a saw is 
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cutting * sweetly ’ it should produce extrejnSly minute 
chips like those from if mortise chisel, and not very fine 
sawdust; ‘if t^ latter is maf^e th^saw is scraping, not 
cutting. •Whatever teeth are selected, Should they 
sprinur or t^emblS/n worif, it may safely be concluded 
that they unsuitcd to the worW in some way, 
possibly either too l^ifg or foo lipoked, er »f too thin a 
gauge. • 

4. Too raf)id a feed*of the ti^iber is a»matter that 
can only be judged by the sawyer, and depen<le entirely* 
on the nature and conSition of the lyood’bnng c9t, the 
kind of feed gear, and the condition of the saw. Of 
course no one would attempt to feed hard, frozen, or 
difficult wood much more tlftin half as fast as soft, and 
some woods, such as epeus, rosewood, &c., at less than 
this. If the feed is too fast, the timber will often rise 
up the back of the saw, and in somcf cases tllfe lawyer 
will get a gentle reminder by having it thrywn at him, 
or the saw will become jammed and Imckh'd, or the 
drifing belt thrown off. iSwagCiT’ or spread set teeth 
will atanfi a quicker f?ed than spring set. 

5. Aft immense variety' of opjnions exist as to wlnrt 
is the proper way to sharpen a^^aw, almost every 
operator ha^ng ideas of hie own, good, bad, and in- 
diffA-ent, chiefly the hist*two; copsec^iently we find an 
immense quantity of badly; and* improp^Lwly gharpened 
sawg. We Riirifblves thorouglily ofilieve in«iarpening 
wi<;h a machine with Vjnch tl*en js no‘difficulty 
in getting each tftoy> ol the saw* alike in its cutting 
angle, pitch and*flepth of gullet.* The ^^T-cat poi^to 
aim ^t, whetlies cme«y wlu’cls of files are used, is to 
sharps each tooth sq that it will take its allotted share 
of work; to effect tbis»ibe exiting iiftgles of the teeth 
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must, togetji^r with the set, be exactly uniform. It is 
impossible, however, to properly describe the operation 
of sharpening in wriijng without an elaljorate gystem 
of drawings. To keep all tno teeth uiufornji we can 
strongly recommend the use'of sheet steel standard 
templates of sereral teeth; by inountijug..these in a 
light, adjustable, radial arm, fixed on the sharpening 
stud, »and made to bear flat against the saw plate at the 
periphery, tJje exact ghupe and depth of the teeth can 
be obtained from the template -by traversing the saw 
round by hand. 

C. A fruitful cause of saws buckling and running 
from the line is the insufiiciency of throat space in the 
teeth; consequently the s.iwdust cannot escape first 
enough, and becomes clogged. The teeth should also 
be all of c<pia] length ; if not the longest teeth get the 
most w-oik, and the cutting power of the saw much 
lessened, 'fhe length of the teeth should be regulated 
by the nattin* +)f the wood bidng sawn; for instance, 
for sawing sappy or .Ibious woods, long, sharp teethiare* 
necessary, bu,t these must not he too long or tin y spring' 
iiud perhaps break in work. 'Die author .is of opinion 
that many of tin' ssjws in use in Kurope carry too many 
teetlj, and he is in favour of th(^ American system of 
using fewer teeth—if not carried to exis'ss—as mjiv 
throat sp.W 0 iJs given i.) tho clearance of the sawdust, 
and less plover is required to drive. Tlje ihroat sgace 
of saw teoth should be varhjd accordipg to tlie depth^of 
thtf wood being cu^aa it will; be sei n at a glance that 
teeth with a sufficient throat space to allow sawdust to 
escape freely in sawii^ W In. dc'jp wopld, probabljr be¬ 
come jammed in sawing double that deptli. 

For gnlletiiigg an emery win,‘el is much to l>e pre- 
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ferred to a press ; the latter i8tv\lfistefvl ^nd apt* to 
spring the plate when punching out deep fftillets. If a 
saw is kept in good order, and the teeth are not allowed 
to get'short cjuid stumpy, *e#y little gulletipg«hould be 
required at one time; in/act, the gu\jetingl)ress should 
be conspic^qus 1^ its absence, and only be ilsed for 
retoothing Brotcen sa^s. 

7. Jn hanging S saw care%ihould Tee taken that it 
does not fit ^o tightly pn the saw spindle or biiTd the 
steady pin. A saw, when properly bung, sliould, iu the 
horizontal line, inelin# very slightly towards fhe Jiraber, 
so that the teeth at the back of* the saw may rise 
without scoring the wood. The saw should be perfectly 
in balance, that is, perfectly round ; if it has teeth of 
unequal length, size, or .shape, it is not properly or 
scientifically balanced: 

8. A very^ioinmon c:mse Ibr Saws rnnniiig^ untrue 
is the heat conveyed froin'the lieariiigs through the 
saw spindle to the oye of the saw, and nfeny 4 )lan 8 to 

•ge^Pid of this have bemi tried^ Jt arises, of coarse, in 
the firsl^ pl.ice from ,ihe*ljearing» being out of order, 
screwet^uj) too light, or i'ri'in driving with too narrow 
a belt, whicli 1ms to bh straiiped too lightly, or froni 
running at too short centres, whittpalso necessitates a 
tigi»t belt; •thus undue ^stra*ii and friction are pTit *>n 
tfie Ijcaringa and heat engemleyjtl. %Thes(.' defects can 
usually be.reqiedied wifliout »iueh •troijblu. ifciny ' 
►sclleines.for Ivceping yie«saw spirtdle cool Jiave Ipeii 
tfied, including i^ne in ydreh it*s uurtle hollow, an^ a 
stream of wate^pllawed*to pass through,it and esc'ape 
at the collar on both sides.ot the saw, the centi'i^Pgal 
fore^ distributlinj it over th« surface of the plate. To 
this i^indlc is fitted*a contrivance for relieving the saw 
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and allowing a liWe end play when necessary, and 
when the sa’' is throngh the cut the end play is taken 
up automatically by means of a weighted lever and 
knuckle-joint aiTangement. For sawitg pitch pine 
and gummji woods which clog the saw plate, this plan 
of lubricating with water should be decidedly useful, as 
it keeps the saw clean and cool, ai^d it may consequently 
be run with lesS set. With the same object in view 
the Author''has recently constructed a new form of 
ventilating bearing, through which a steady current of 
air passes'; this has been tried, with very satisfactory 
results. A saw spindle has also been patented, in 
which the collars are arranged with a circular groove, 
and several rows of curved grooves extending to the 
periphery; when the spindle is in motion a current of 
air enters into the circular grooves aiid escapes at the 
holes at the sides of esich collar, thus acting somewhat 
after tfie'ftishion dl’ a fan, and keeping the saw spindle 
cool, ft is' needless to say especial care should be 
given to the matter of lubrication. Get an oib with* 
plenty of grease in it, and add one part of finely 
powdered, pliJinbago to three parts of oil, and, with 
properly constructed bearings, little trouble should bo 
experienced in ki-cfn ig them from heating. 

tb Bear in mind if the eollar of a saw spindle is ytdy 
slightly out of triFh, this is multiplied considerably In 
ii. sew of largS diameter. A'gain, a seainy paw spindle 
voith a bit of metal <orn up.is enough to throw a saw, 
OiUt, or if packing is'used between the collars, and St 
is rucked up or uneven, it will lu.ve .‘he same result. 
8^-“ are often .blamed for cutting untrue, when the 
fault lies with the collars or pins." The side of the saw 
nearest the wood should be conctiintly" tried ''<»ith a 
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straigUt-edgeriw'il slionld it be foiyi^ to JiuTfJe in t^ic 
i-entre, it wilf probabl;^ arise from the saw f^flars being 
out of truth, or Improperly concaved. The collars 
should be ‘carc^illy tried wjt1| a 8t^iight-edge„and any 
Inequalities or lumps removed. If il^e collar attached 
to the saw »[)indle^that is, the one nearest the wood 
- -is perfcct'iy flat, ba^e it removed and slightly con¬ 
caved, when the bulfje in the saw platb ^ill probably 
disappear. Ine(p*alities in the saw collars fliay be*tem- 
porarily rem«licd by introducing»one or ^lore paper 
or thin leather washers between the\p and»the saw 
plate. If a saw should permanently buckle or*bulge 
<>veu slightly, from any cause, it shoifid be at once 
hammered, as by use the trouble will be iuercused. and 
be more difhcult to remedy.* A skilful sawder can tell 
bv trying a saw with his fingers when running 
whether it is buckled or oqt of/rutl', even if it be only 
slight. 

• 10. This rests with the saw-inaker. /II circular 
gaws sbouhl bo iiuulo of the finest ipcility* of steel, com- 
binfhg, as fiir as possible^tougTimiss with hanlness, bo 
uniform in bunper anil gauge, and bo groniii^on a face 
plate, ft is rtiiportant abso that t,bc saw. bo scientifically^ 
hammered, so that the tension or sti^in is properly dis-’ 
tribuled. ‘ t'lieap ’ coim»ou san o—in fact, all Wni^s 
of«w*oodcutting tools—aib dear at aiy^ ludce. No pro¬ 
fessional workman will be 4,rou61c^l with ♦bei4>, aii^jiq 
opportunity *sh«nld be lost ot warning tlfl^ amateiy 
against pnrcbflsing infenijr articles, which wfll only 1^? 
a source of trouble igml wxation tfi him as long as ho 

continues to use them. ^ 

U. No. 14 aljo re*ls witli t he.saw-maker to a con- 
sideraWe exteflt, butgiot entirely, as the speed at which 
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t )»0 saw'is run sUbuld determine the amhunt of distor¬ 
tion necesuyry. Thus a saw may be hammered to run 
perfectly true at a slow rate of speed, say 6,000 ft. per 
minute, but if this'is quickened up t^ the standard 
speed, sa) 9,000 ft. or 10,000 ft. per mindte, it may 
become Vavy and pliant, and run'* out of truth. It 
therefore follows that, if saws, are to* be run at any 
unusual spebd, the saw-maker shsxild be so informed, 
that? they may be distorted or hammered to a suitable 
tension, ail'd the teusion uniformly distributed. If a 
saw is distorted too much, either at the teeth or centre, 
it will, when subject to improper usage and the friction 
of sawing, become ‘ rim-bound ’ or ‘ dished; ’ hence the 
importance of a perfectly adjusted saw to commence 
with, and the absurdity of expecting flue work from 
a cheap saw. It is, of course,'appaleut that the rim 
of a circular saw rins«fa.stitr than the eye, and conse¬ 
quently 'heut.s arid expands faster. To overcome this 
unequal ex^>ansion, and allow the saw to expand equally 
and run true' when in work, additional heat is oreated 
in the centre by means of ‘packing* in this country, 
whilst ini Aftierica the same end is attained by distort¬ 
ing the i>aw to a gneiti.'r extent when hammered by 
tlie maker. 

12. In .sharpening sa# teeth with a hook to IJiein, 
such as i.s fimnd iiiJthe diflFerenl forms of gullet ftiid 
bfir teeth, 6ire must be bFken that too much ‘ rake’ is 
jiot given to the tivtli, or t hey will lx* found to trcTubki 
in work, diginh) and'draw the wood', and run from the 
Ihie; of conrsi*, soine wood^ will stond more rake on 
t|ip saw thap others. 

13. Allowing teeth tq get out of apace will, iif some 
enses, make a saw run untrue^ say, alternati^ spaces 
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net wider tha|fthe ot.liers; the teeth* followiiig those 
spaces ha^e more woi]t,put upon tliem, an(l*being set 
all one way—say, to the right—^ey naturally pull 
hardest *into t£lh vvood^ in tialt direction, cqpsoquently 
the saw runs to the right. Hence*tiie necessity of 
lc(>eping all *,the^ t^th uniform in spjjce. Thi% can 
readily be dSne by using an adjustable ^sheet steel 
template; shaped t^th% teeth in sJarpaning. ^ 

14. The author is ot opinion that a nt)t by any 
means unusual cause of,a sawja»nra*ng andSucMing is 
the use of too long a saw^ guide or fence, so flial^the 
timber becomes crowded against it itnd Ijas not room 
to open out. A fence for rip saw should not, as a rule, 
project above three or four iipshes beyond the roots of 
the saw teeth unless very thin stutf is being sawn. 
P’or sawing deals *&c. ^oine makers now fit friction 
rollers in the fences, arranged to fno/jbej slightlyJb^ond 
the face of the plate. 

15. The proper ‘ packing’ of a saw, unless of very 
thick^auge, is a matter of param^ui;c importance m its 
effective ^rking. Thg ol^ect of iJaeking, in addition 
to snpporfjng and lubricating the saw, is to allow it to 
expand equally from the Motion or heat created by the 
packing rubbing against it. .To inirtiie this it is very 
necesgary that the saw is^ pa^ce,d evenly and equally.* 
The* plan generally pursued in thjj* cotwitry is to screw 
pieces of wooj t.(;the fingei*plat<“, «.nd bcloi^he s«w 
taible’on e’^ier sicle of the,sa*v, the i^iod being^rebated 
to Sllow the hemp* gaskeJ,*ov oth?r fibtous material, 
charged with gi’OSBt, lo be* packed in tightly on either 
side. There are a right way jnd a wrong ivay of doiitg 
even ttiis simple “operation, and cifte should be taken 
that thff'packing is pitt in e\S;nly, and J.iears uniformly 
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ana withl^iu nndutS pressure on both sitles of the front 
half of the saw. However, in [freference to, the above 
we can strongly recvminend the following- simpje plan: 
Tiite eiibffi- two pieces of Hoop iron o? strjps o£ hard 
wood pf 'the lerigfti of the saw from the teeth to the 
eye, and of a width that will reach noh quite flush with 
the top of t’le.table; Jtherl take' some flax or rope yarn 
and, lap it«-venly round the strips fn-nn end to end till 
they are nxvde thie^ enough 'io fill the . packing space 
and beaj evenly and not tightly against the whole front 
half-of the saw plate up ti> the Spindle. 

Instead of packing the back half of the saw, ns 
some do, take two small discs of leather and attacli them 
to the wooden packing pieces which are fitted to the 
frame of the bench, so that they bear on either side of 
the saw at the back and near the rim or roots of the 
teeth, and so stmdy and„gnide it. It^s a mistake to 
use mnch^^oil in the packing, as this is wasteful ,and 
unnecessary- The above will, we think, be found a 
decided improveme-.it c ver the plan generally pursued— 
of ramming down packing on cither side of tlie saw, 
as this IS, at the best, uncertain, as shoqld tke packing 
be tighter at ony po'int than another, or should it be 
lumpy, the frictfon on tlje saw plate is uneven, and it 
“will often cause it to run ‘ wi-.vv ’ and out of truth. 

1C. In ,sawfiig vcooDy-fibred and difficult 'timbt-r 
special ifcjans should be taken to opoa them out as they 
leave thj saw.^ Thesis usfially dony by.theiawyer with 
jvedges driven into the kerf by kand; this is often 
neglected, thereby‘causing many tl*8awto jamb and 
Cuckle. To ofiviate this,- the ufo of a^reyolving opening 
wedge can he recommcilded; this sTioijld be fixed im¬ 
mediately behiad and in* the, same line ns t^e saw. 
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The wedge sheuld be made preferabij of st^ejJ circular 
in form, and say balfan*iiicb thick at its centre, tapered 
down t' blunt edge at its circuinftft-ence, its diameter 
being reg .Viteif by the‘si/.e ot* the saw. It ban either 
be arranged to prdj^t through the face of the* t^nch, 
or be mounti^(J<in centres at the end of a lever, and 
suspended behind the^Aw. The yedge a* i# enters the 
cut is rovolved b^^thc friction of the'woOdfand tlius 
relieves the saw from a Vonsideralile ainoimt of side 
friction. Instead 'of a revolving wedge a fixiid steel 
spreading-knife or wedgf '■an be einplyyed J in any base 
something of the kind is certainly to be recommended, 
as it tends to relievo the saw considerably, and is always 
there when wanted. 

18. End play <pi the saw spindle should he pre¬ 
vented; this can be done bj mean^or an adjustable 
lock-nut. 

1^. The use of driving pulieys too ^small in 
diameter and too narrow on the face is a fruitful cjuse 
of’savie buckling, on accounj; of the boat set up in the 
bearings thru\igh the ifto of narrow belts, whi^h have 
to be straiiJed esccessively tjght to drive; consequently, 
the undue pressure and friction on t|i« hearings cause 
excessive heat.^ which is converted thiiuigh the spindle 
to thy,*aw plate. At the same time tjie bells themselves 
very much more rapidly deteigcratlf. ^ \^ide«ingle hej^f^ 
are to^ be prefhrr^tl to narrow doublti ones. ^ Anie- 
ric!in practfce Mie pnlleyS ^lor driving rf.’ircul^r saws 
arc made somewhat ISirger fti iliametA and much wider* 
on the face than tlfey arc here ; consequently, the 
of contyict, grip ot the Wdt, aifd'driying power are in¬ 
creased iyid the slip largply rejjuced. 

Although wo are awswe that^lhey afe considerably 
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wider thdn 'most of those in use here, it jmay be taken 
as B good and safe rule that fulleys on sayir benches 
carrying saws up <u> say 4 ft. diamete^r sljould have 
driving pi^Heys wide enoiigL to carry betls of a width of 
on 6 -f 9 ur.th the diameter of the saw,, and for saws above 
4 ft. in diiiniet«T a belt of one-third th^, diameter of the 
saw may be.used with adtanlago. Anything extra in 
theiCost of pulleys or bolts is rapidly repaid by an in¬ 
crease of work of^better quality than pan possibly be 
obtaineij with narrow bolts;.at the same time the 
beatings and- belts themselves last longer. With wide 
belts the neoossily of using ‘quack’ remedies for in¬ 
creasing the grip, which often damages the belt, is 
done away with; it is necessary, however-, to keep the 
belts pliant, and this can be done by an occasional 
dressing of mutton fat and beeswax in equal parts. 
Castorooil is not by' a^iy' means a "bad dressing for 
leather, i^nd it renders it verm in-proof. In driving 
saw benches, in fact all wood-working machines, run¬ 
ning belts at short centres must be avoided, as'itisbad 
in every re.spect, and greatly ir.crcasi-s the .troubles of 
hot bearings, torn bolts &c. above alluded ts, 

20. English ,use'rs of circular saws may irossibly 
aipile at the ideh. of a ‘ jiVozen ’ saw, as we are not as a 
rule blessed with very cold weather in this country, but 
even a ui^enfte a«noqnt of frost has a' very distinct 
^'ect iw- many cakes on the workiv^ erf circular saws,* 
'especially should tljey beVf thin gaugg. hi cold conn- 
,tries, or in very»cold we'^her, t,!ie effect is so great 
from the 'contraction of the pl^te*S,t its smallest part, 
i.e. the eye, that the saw will j,»eeome ‘^rim bound,’and 
not turn true till the ftost has bi'i^i ^aken out*of it by 
friction, or by#i, dose of hot water. 
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21. The question of speed is a factor t)f»immenSe 
importance in the proper working of cirSnlar saws; 
should they be^mn either too fast too slow the result 
is equally jUr.imtisfactory. ‘Ili the first ca«e the saw 
becomes plinut a»(l wavy, and in flit* latter Jhe work 
turned t.ut ia »f,ba5 quality and less of it. For ripping 
all ordinary kinds o£»wood*a s^eed o^ 9,000 ft. per 
minute «,t the p<aints of the teeth ie noiii genejally 
recognised as,a standard speed in this oonptry. This 
can, however, in the case of cross cutting, be increased ■ 
with advantage another* 1,000 ft. per inihate. In»saw- 
ing,very hard woods the speed of fhe gaw should be 
somewhat reduced, say about oue-fourth. By using 
thic]^ gauge saws, and thenefore wasting wood and 
power, higher speeds than these may be attained. 

We will conclucfe ourVeniarks on working saw benches 
with a few gentl^ hints ( 80 ihe,of th(*s(^may nottb* new, 
but^we take it they will bear re 2 ietiti.,n in some establish¬ 
ments we wot of). If a saw bench is usedjTor suiftll and. 
largi^saws, occasionally the lattw will run untrue,‘from 
going at kio high a spoed. For quick roqgli sawing a 
swaged sed. togth has much to commend it, Ispecially* 
with tough and difficult woods and Ijrge saws, as they 
are much less liable to be sf jained ftian if set with^ a 
blo\y w spring set. In salving difiicult woods they arS 
liable to spring away from thq smv cfftisidVably in the 
centre of th^lo^; consequently tSe bo.drda«sawn^re' 
tRickur at ^nehgcn^. Toob^iate tjys, instead of sawin|f 
in the usual way all from one side, a cut should Ije 
taken alternately*ftom each side of the log; this will 
keep ttie boar48 ijniforgi. Should a saw crack in wol'k- 
ing, to^preven^a’short crac^ from extending, drill a 
amall hole at the end o^it. 
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For ripiiiiiig pilrposes most of the fiUng or saw 
sharpening should be done on the face or front of the 
teeth; the backs owitops should be scarcely .touched at 
all. The face of,the tootu' should ner^r b^ filed to s 
•fine edge, but d. very slight bevel.should be left. A 
round gulleted tooth is less liable to cr^ck than one filed 
to an angle.. In gulleting -with « mery wheels work with 
a light pressure,” and if necessary go over the teeth 
several times; if the wheel is'forced aiid>the saw plate 
burnt ilj is much more liable - to fracture. In filing 
teetlnfor swage setting make tSiom sufficiently hooked 
at the points that the swage will readily spread them, 
also .be sure that the points of all the teeth are wider 
than the rest of the blade r the tops and backs of swage- 
set teeth should be filed square across. In bending or 
spring setting always use a gauge; in setting saws with 
a blow «r spring.set, ciirf should be taken that the teeth 
only are sqt say about oiic-tbird of their depth, and .that 
the plate itse’f is not strained, or it will be found to 
heat rapidly when in work and run out of truth. , 

In.filing saws, file every alternate tooth*from one 
side of ttie saw, then reverse it, and tile from* the other 
side; never file all the teeth from one side of the saw, 
aud, if it is spriiig set, set after the same fashion. If 
in working the saw heats at the rim, and the teeth are 
of the right'shapo fofth" wood and properly sharpened 
au^ set, k.ing or line the saw to lead very slightly out 
df the wood. Jf thtt-saw sliould heat n.* tint centre afld 
the spindle and lienrings arc’cool and in proper order, 
reverse the^ibove afld let the sawMcilil into the wood a 
little. 

For thin sawing, such as light’ box worV;. frame 
backings, Ac., ae‘ ground-off ’ ^w con be recommended 
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to effect a iier)' considerable saving in woed, and,* if 
carefully.sharpeued ami handled, will do vftry excellent 
work. 

Tor )jery ^ accurate cflinension sawing, ’such as 
pattorn-work, &(?.^,a saw ‘ ground holtow ’ onJ)oth sides 
ami roil wi^dijt set can be used with (advantage, as it 
will cut extremely tj^uie and*leave a fine ^uyfaee. 

If timber cawriages and rails are used %>r brigging 
the wood ujmto and talking it from the sqJW, it is im¬ 
portant that thej' be fixed to run exactly true with it. 
Should the wood be pftsented to the sdv* even ate very 
slight angle, this is multiplied to a considerable extent 
in a long log, and, if the cut be once commenced, a very 
considerable leverage must be put upon the stiw to keep 
it anything near ^he line. 

When having saws hammered be sure they are* 
placed in competent hands; ^c*lmve seen saws^hjit have 
boen hammered by so-called experts that might have 
been better done by a blacksmith’s strikgr^ 

'For guarding circular saws anfipreventing aefidents 
we can rtcommend tlft following arrangeipent: Make a 
shield df sheet steel formed as an arc of a lircle, and 
against the-saw ; the shield ris& bgfoi-e it and I’ests on 
the top of it,till the cut is cfjjnpleted^ when the eounter- 
poidb brings it back to its original position. It is im¬ 
portant that the driving pg^er'beuiflfordj in its speed; 
if ijiere is rfluejt variation, the quality oT tte* wofPffiM 
vary aceifrdin^ly. 
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CHAPTER XLIV. 

. < 

JfOTKS ON SAW SKTTlii’o. 

’ In very few things is there more diUhrence of opinion 
tlian sharpening and setting*saws. On the present 
occasion we propose to discuss briefly the different 
methods of setting, noticing some of the advantages 
and disadvantages of each’niethod. 

Swage Selling .—Swage setting—called also ‘ upset¬ 
ting,’ ‘jumping,’and ‘ spreading ’—is more largely prac¬ 
tised i*i America Wian in t)iis country. In this case clear¬ 
ance is obtained for Ihe saw by widening the points of 
.the tee'th, usually by means of a crotch punch arranged 
with Wo V notches* which are driven on to the points 
of the teeth by a hammer or' weight. The second 
‘.lotch in' the punch is rounded, and spreads’the teeth 
■ points out. We t,liinfc this plan, especially for circular 
sajvs of stout gauge, haa'mni’h to comnjend it, more 
dspeciallv if the wotsl is cros.s-grained and knotty, as 
swaged teetU'wilf stawl up to tlie work, whihs spring- 
set Seeth*(»/e apt to^.todge the knots. ■^Wilged-set ^peth 
wSll also stand % qiiiifcVer feed than spring -setj all thiygs 
feeing equal; they, however, fake more power to drive 
—probably about 20 per cent.—and ‘unless the setting 
is carefully done ridge tfnivks are left pn.the log.^ We 
think swage setting is, on* the wljole, more adap^d for 
soft than hard w#od. 
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It is claiiued by tlio users of 8\«ige-sei* teeth thl,t 
swaging sondensos .iiifi hardens the steel ^t the points 
of the teeth; but if this is so, witj^saws correctly tem¬ 
pered it w^onl^ we lake it,'b4 likely to be detrimental, 
and cause the points to crumble* ’Another trouble 
fouiul ill swii^jSettiiig is the dilliculty,of getting per¬ 
fect uniformity of set( witlfout which po, saw can be 
pronouisced tobejn Srst-rate cufting condi^on. Syage 
setting does npt sharpen* the teeth of the s^w, as some 
may suppose. 

When a saw is set tir spread by indans of a punch 
and a blow from a hammer, care should.be taken that 
the points of the teeth only are spread, and that the 
tooth itself is not bent or strained, and that the blew 
given and the hammer used are not too heavy. The 
teeth should be carefulfy tried with a straight-edge on 
both sides and points, aud*be^eiact1y,in line. Jn^wage 
'setting, should a tooth point be broken by striking a 
nail, it can be lengthened slightly by raispn^ the' puncl\ 
or sijirge when in the act of setiing the tooth, aifd the 
point of tile tooth will«l)e upraised.'and, if pot too much 
broken, will t^ike its share of duty with the r^t.* 

To ‘ siiread ’ set all tlie teeth* as^nearly as possible 
alike with a crotch punch, is uc^ssary to regulate 
to a tiiccty the weight or,streugth of the blow given 1^ 
the hammer. In America^aktoel’lnllk be^i introduced 
to do this m*chavncally. It cousins, britily^n nrSBift- 
flig the cit)tcli*putjch on- tlfc endjjf a tube o*rod, and 
arranging a series of movable \seights, with holeS 
through them tS’slfde up and dewnthe-rod. These 
weights are ailoj-ed t« drop oit the punch.'the streSgth 

* SeetAinf MilU* their Afrrangcfi^iit and Managctncnt. By M. Powis 

Bale. 
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o' tbe blow being regulated according to the gunge of 
the saw and the amount of' set required. For saws of 
large diameter and thiuk gauge spread set can be re¬ 
commended, as it is very di'bcult to spr'ng set or bend 
the teeth of a tlr'cL saw with regularity. 

Spring Setting .—This is perhaps the most general 
kind of setting, and if regularly and carefully done, 
answers very well; the teeth, however, have a co'nstant 
tenttency to assume their original position. Saw teeth 
should not, under any circumstances, be set without a 
gaugp, as it .is a wasteful and stupid plan, producing 
rougji work, and more rapidly we.aring out the teeth 
which hapjK'ii to be overset. In practice it will be found 
that a S'.vw perfectly set^ will work much freer, cut 
smoother, and, at the same time, will w.aste less wQod 
than an imperfectly set one; less si:t is also required 
on a^truly and equally set saw to e'feet the desired 
clearance. , 

Several good mechanical saw seta, combined with 
gauges, an; now made^and so arranged thatwlKii they 
are fixed to any desired set it is impossible to overset a 
tooth ; c jiiseqnently, the teeth are all set exi\etly alike, 
and if they are equal in length, eiich toolh gets its fair 
share of work, f't friction of working and waste of 
ivoikI being reduced to a minimum. In working, it is 
found that the ■‘eellj,of a saw wear at the side of' the 
poi..;3, un^d if some teeth nave nn(re_^aet than others, 
tjicse are unduly strained, and, from the severe and 
uneven friction, are*often heated, and are inclinecf to 
buckle and ynn fronj the line, I:i u ’ing spring sot, it 
is i.ecessaiy to comewhat qver.set the saw, to compensate 
for the tendency of the teeth, especially when worn or 
dull, to snring back to their original position. *'’ 
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liav^'recently s«en a very j»e"&,t foun^of Am«ri- 
^an -bool/or spring setting by means of a’tdin-lever, by 
which a very even set may be ob^ined without unduly 
draining th^saw teeth, t^he operator stands behind 
she saw, apd the set is attached toHhc teeth by placing 
i bed die dji jihe point of the tooth to ];)o set so that the 
[)omt will project bejond the die about one-sixteenth 
jf ah yjeh ; the c^m-lcver is thed broijght down to a stop 
311 the cam, at the same,tiine bending the teeth towards 
the latter. A fgur-point gauge iS fitted to the levei^ 
ind it can he adjusted to any amount of. sot^lesjred by 
means of a thumbscrew. It is claiihed js an advantage 
of this arrangement that the bending power is exercised 
on the tooth between twc^ bed bearings, so that the 
operator has only to bear down on the carn-lever, and 
the more power he aitplies tiie tighT»r he fastens tho- 
set to the saw,‘and at the*same tiifie^thebeni^is^a curve 
and not an angle, and that, there fore, the saw teeth are 
less liable to fracture. 

I? a saw is allowed to get^dujl it will sprii^ from 
the wort, and increasjpd power wHl be required to force 
it through the wood. 

Hammer Sciting .—The third system of setting we 
have to notice is hammer settiiifpVThe old-fashioned 
wajfc of doiiTg this was.wii^i a piiuclf and a blifisWif 
wood, and a very brutal wiyr ii,Va», asnt strained the 
b.iw plate, wd sometimes ftroki' tflo teeth ; jA tlW%iBiW 
tii^e’ it was ijj‘possible to get thc^fecth to ojje upifortn 
set, consequently, the ltu\ber w^.. scored and muCh 
power consumed ^inneeessarily. It garefully anA 
judiciously done, hammer-set. saws vAll stand u{f well 
to fheir work.** The best •plait with which we are 
acquainted is to moitnt th# saw horijontally on a coni- 



396 WOOD-WORKINCt MACHINEkV. 

cai centre'iiKd allow the teeth to rest on an adjustable 
steel die made with a bevelled edge turned eccentric, so 
as to allow of the right proportion of set foy teeth of 
various bizcs. With thiii.' 'Urrangeinent' any desired 
amount of nniforhi set can be given to the teeth without 
unduly straining them or the saw plate’ Hammer 
setting is a fair test as to‘the quality of the saw, as 
the teeth may crack or fracture if the steel h burnt 
or of too hard a temper, or bond readily i*" too soft. 

In conclusion, it must be borne in mind that, 
whatever kind of setting is empl.'iyed, for successful and 
economical wching ahwhde uniformilij is imperatively 
necessary. If this is not secured, the work turned out 
is of inferior quality, and wood and power arc wasted. 
It should also be remembered that setting does not 
increase the cutting poiver of a saw, as a saw will 
cut fa-ter with ,'iftle or no set provided the nature 
of the wood will allow it to pass through withfUit* 
binding. The amount of set required, therefore, 
should be carefully judged by the sawyer, ailij. no 
more set employed than is abso'utely necessary. For 
instance, dn siiwing wet wood a sharp saw aad a fair 
amount of set are re’quired, whilst for hard, knotty 
wood very little sdl should'be used. 
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NOTES ON ^TIOKINU HICin-CLiKlS MOUCdikOS. 

We think it will be generally admitted tUat the ptoduc- 
tion of really high-class mouldings—that require little 
or no hand-finishing—is the exception and not the rule. 
This arises from a variet/of circumstances, such as 
(1) bad wood, (2)^)oorly constructed machines, (3) bad 
adjustment of, cutters, (,4) inipryper speed, (5) in¬ 
sufficient foundations, &c. 

* (1) Tt goes wiihout saying that high-cla^s mouldings 
•caunqt be produced without good mattrial; we need 
only remark, therefore, that Dhe Vood should be tho¬ 
roughly sound and wSl-seasoned. 

(2) 'I'he tfonstructionjof the inachinc is also a vei^ 
important factor, and it may noi^ie out of place to 
extend our Kcraarks thereoiwto some lepgth. Thq J,\vo 
classes of machines ^nenilly .used—^not including 
vertical spindle or shaping ftiachyies—aiK: j^l) ^ntr^ 
•feed. ma<jjiines,» (2) overhan^ng-spiiadle ma0liine8. For 
If^ht purposes, OTerhangjng-spisalle uachiiles are Ex¬ 
tremely handy,ussful, but •for large and high- 
class work, centre-feed machines ar^ to* be preferred,' 
and* our reifladis otf conafnictiqu will therefore refer 
chiefly to thi# class,* 
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Votistruclin"i of Centre-feed Moulding mid Fleming 
Machine, 

Aftep a lengthened experience, it hi3 been found 
that the box or> solid framing is the best form to 
adopt ibr the main frame of the maclnne.r The reason 
for this is not far to seek, as in jnoulding and planing 
wood very ,high .speeds are necessnfy, and various 
strains are sot np, and to absorb these and their con¬ 
sequent vibrations a consiclera.ble v'eight of mehil 
is neqessury, and this metal ii much more effective 
when in the fprm of a single casting than when put 
together in sections. Box-framing is slightly higher in 
first cost, but this is more Jhan counterbalanced by its 
increased strength and resistance to sti-ess, by economy 
:of material in ratio to strength, and by its greater 
neatness of design, ' The euticr spindles should be sup¬ 
ported by bearings of ample area, and these should,.ns 
far as possible, be made adjnstaldc for wear and end play, 
more especially the l)j;arings, which are subject to' 
considerable belt tmision. Tue fyiestion of lubrication 
ipust be carefully attended to, and the bearingsignarded 
from dust. 

To secure a coi.itant and even feed, and iireventthc 
sl’pping of the wood, it is imjwrtant that all the feed 
gearing be e..panoively geared up together. If tiie 
•.>..aT«llets an, geared separately, the wo''d is apt to 
Slip, particularly if uiilioult io work. In the best cfasrf 
of machines, the intermediate pinions are made of steel 
a>r' gun-metal. As e. sufficiently loiig belt may be 
obtar.ied, and as, at the sr.ine time, it economises spam;, 
it has be«i found eonveiiiuit to place rhe countjrsliaft 
working the feed gear wilhiii the framing ot the 
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inochii^. Tflia should bo fitted ^Ih fpur-speed^ 
cones, so as to give valving speeds of feed say, from 
10 ft. to 60 ft. per minute. The countershaft working 
the cutter spirijilo should b# jjlacecf^say, 15 ft. away at 
lea.st, as fauiiing belts at short centi^s is to be con¬ 
demned fro^ .every j«»int of view. The cutlei»-&lock 
aad*spindlo Should be made.of steel, as they are thus 
stiffer i^ work and An be made»of 8om^\vliat smaller 
section than with wrougl^t iron. The catte& should be 
fastened to the blpcks by dove-tail-lteaded bblts, sliding 
in suitable grooves. Tiliese should be. n ado of best 
Swedish iron, and be very carefully fitted. T^rons 
should never be fastened by means of stu^s tapped into 
the blocks, as tlie inoihod is both daiigerousi and ru- 
certain. 

A very considAable* difference of opinion seems to 
exist amongst snakers as dio t^ie Ucst position in the 
.machine in which to place thS ver^ ic:tl spindles or side 
cutters ; some fit them at the eml of the /nacljine, to 
act oiuthe wood after it has passed the and bottom' 
cutti?ts; pthers pul them in the*ceutre of the machine, 
between Jhese cutters. The writer is in fllvcjir of the 
latter plan, as the wood is thfiu directly under the 
action of the bolding-(h)wn iy^piiratw^ and there is less 
liability of it* jarring when \ftider the operation of»W|^ 
ciiCfcers. The. plan of placing tha \^rticj.l spindles at 
the end of tlje machine I'eSders t!«em rather ^noii^afiM 
aesstble foy adjustment; ^bn|i, in all »ases, hofding-dowu 
or'pressure a|>i)aniltus should be fltt d *jlose fip to all 
the blocks. 

It is of the utmost imjxjrtance tliat the cutters 
. shouW bed et’eifly w?ll on tju; block, and, to secure 
this, Ifltnvcs aih madt* sometimes very slightly concavo 
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from thb ciittin^ to the back edge, so that when the 
nuts are tigljtened they spring slightly, arid bear oh the 
whole surface of the block alike. Cutters made slightly 
thicker at the back than at the cuttinjj edge are pre¬ 
ferred, as they are less likely to slip forward from the 
high speed and centrifugal force sei up. It is impor¬ 
tant that the iron round the slot holes te'trne,and that 
all the hollojvs and smithing mai’-cs be ground out, so 
that the nuts and washers have a peA'eetly true bed to 
rest on. 

But, given all this, and a good and true block, we 
somefimes tiriil irons Hying, and shifting on their sefits. 
This may arise from the bolts not being tightened 
enough, or from being tightened too mneh, this latter 
being a very fruitful cause. In order to secure the 
bolts, as he thinks proiierly, an. inerperienced or cure¬ 
less workman is apt to use a powerful wrench, with 
somefimes a pip^ at the end of it, to tighten them up^ 
—the thread of the bolt consequently becomes dumaged, 
the pitch being strolehed and bulged and , madf 
coarser. Om* of the reasons why there is somoti.aes a 
difficulty^in bedding the nuts, Vs that the threads are 
often allowed to get dry and lilled with grit. Irons 
may be preveiiteil from slipping by bedding them on 
several tliicknesses of bro.vii paper or thin leatlier. 

'V* . , * ** . 

In machines wliqre movable blocks are employc.d, it 
J,he utmost impdrtiihc^ that the spindle holes are 
jierfectly true and /it the spindle tighf, and are exactly' 
Diirallel with the cut.er face : 'this is nof altogether tan 
easy matter with long bloeki, a3,tlier are apt to get 
slightly oval. VVIien the cntter-bhx;k is revolving at a 
high speed, this will allo^w it to spyi ig sullieienily to 
damage the output, and,, is one of the cifiasos of 
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inefficfcnt v]|brking very difficult.So d«te«t. Ligfct 
blocks require baUmcii.f' as much as heavy** *[f movable 
blocks are used, they should in cases be planed by 
the makers afibr being fix*d.on their spindies.* 


*a,ml Temperinij iloabliftif Irom, 

It jeud hardjy t)e said the* steel used^for cutters 
should be of^the very bighest possible qutility, com¬ 
bining in its natpre, as far as niay*be, toughness with, 
hardness. It must be »<lmitted that there is a'eoppider- 
able amount of art in forging and •tc!nj)ering cutters 
successfully, as, owing to the varying amount of carbon 
contained in different sampj^s of steel, the amount of 
tempering varies accordingly, and the exact temper 
necessary can onl/be ascertained by one or more trials ; 
the folly, therefere, of treatingsil! kinds of stge^alike, 
which is sometimes done hf the workman, is at once 
apparent, ft may be taken as a rule rfatt if it is^ 
secessary to heat the steel so hot that when *11 is 
ann(?lled,it appears co^rs* in tfie grain than the piece 
from whi^h it was cut, it may safely be concllded that, 
it is of too low a temper*for thc.required work, and a 
steel of a higher temper shauld bef Vdected. A steel 
cuttqf, when I)roperly tempered and suited to the vrtJrk 
in 1*and, should always be of a^/>ne» grain than the 
piece from wjiich it wiis cuR 

. Mouidyig irbns may, be. roUghell out an^ groun<l* 
dokru to something near^ihe siz^^ny ilieans of smalk 
profile grindetoneii»or. eineVy wheels, and when filed 
the exact profile and temper^'d, before wsing, a cutting 
edge f hould be ijtut ou*them hj’ in^ans of a slip of Tur¬ 
key oi*other good oikstoncf .When the irons are of 
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symple fovul, to avoid softening and reh>.ideniftg, tbe 
jsteel may bt ground to the shape by the series of small 
grindstones spoke»,ot', the peripheries of yrhich are 
turned up to suit the rousdtand hollow^ of the mould¬ 
ings, We have Vound*Bil8ton grindstones answer very 

' ■ fi ■ 

With the, object of preventing^,the constant change 
of profile ,when- shaiV'ning moulding irons, of the 
ordinary censtvuction, in which the profile of the 
moulJiii" is fornieil on the edge of- the steel, and a 
bevelground biickwards from h, some makers mill the 
form of the nvjubrmg into tbe face of tin; cutter itself, 
as if sharpened to the proper bevel; it thus always 
retains its true form. This form of iirotile may bt! 
secured fw verlii/al spindles, no matter bow badly the 
cutters are sliarptmed, by usin’g sofid circular cutters. 
Thesa we madt; Iron*, oni? piece of steel, in form 
something like a deep saucer. The periphery of tln» 
steel is shaped to the profile of the desired inouiding, 
and has several opi’.nings which are sharpened Howards 
the centre, pnd present iU) iinipy cutting edges (o the 
wood. 

Tn forging or tem'pering inonlding irons it is impor¬ 
tant that they sl> mid bi>j!ieated as evenly as [lossible. 
•if one part oTthc cutler is thinner than (he other, care 
must he tajfeii that'tfce _thiii jiart does not heat more 
■fajfni'iy Ihaii the rest, or il'miiy be ‘hnrvt,’ and break 
>,tt' at tjjie cutting^ydge t.liL'st in worje. .^n hctitiiig 
cutters for tcmperii'g, tliey ihould Ve repeatedly turne<l 
over in the.fire, an*’ withdrawn fronf it now and then. 
If Ihe eutting'edge is heating loo rapidly, it should be 
pusheil through the' fire 'Into cooler foals. It th^re are 
a number of njembers. ifi the same moulding, great 
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care lliould.be exercised in tempting thbnJ as nearly 
alike as possible, oi» they will vary in <^ear, and the 
profile^ of the moulding be altei*pd accordingly. It is 
importaijt in tempering tBa* there should ^e*a gradual 
shading of coloitr. If there is a Si^inct line between 
bh^‘ coJourtt^toyards the edge of the ontter it will pro¬ 
bably chip at this 1^. The point to aii» at is to have 
the edge of the sutter tolerably linrd*, and this ha\|4ness 
to be gradually reduced the fartlmr you »go from the 
cutting-edge, and the .softer metal at the back will be 
found to strengthen atid support it. 

The process of tempering shoidif be gradual, as the 
steel becomes toughened sind less liable to fracture by 
slow heating and gradual seftening than it'the process 
be performed abruptly'. When the propei heat hOnS 
been reached, the tool should be rc-uoved from the fire 
and not allowed to ‘ soak ’’w^lt the hJast-off, i* is some- 
tiipes done. Beir in mind, in forgingj^welding, or 
tempering steel tools, that an excess of fceat ov*er whtii 
is absolutely necessary is detrimental, as it opens and 
makes the grain of tlm steel coai>e. If a^oi^h temper 
is required, ^le cooling, or letting down, should be aft 
slow as possible. The nght teinpef colour varies with 
the steel and the hardness f_gquired.^ Templeton gjves 
the• following degrees.of heat: Chipping chiseTs, 
plaiiiug irons, hatchets, an^mtllei^l>ercusijivo tools, 
deg. to 620» de^., light straw colqpr, a* bwKwn^lovv, 
yellow slightly tingoil \fith i^rple^ 530 #eg., liifht 
purple. As the ^jolours* :ippoar*:ind change slowjy, 
ample time is affifrdM to see wheft the cutter should be 
at once dipppd^and withdrawn geveral times; as this 
has ^ greater.teiidency to tiTughen the steel than if it 
is plunged into the wq^ter and allowq^ to remain until 
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quite cold; A nuraber of more or less reliable mfxtures 

are used for \,empering. We have found,the following 

answer very well: 9Cake 4 parts of powder^ yellow 

rosin, and A parts of train oK, and carefklly mix them, 

and add one part'of' heated tallow. The object to be 

hardened is dip 2 >etl in this hot, and allpweil to remain 

in it till quite cold. Without havjng previously cleaned 

it, the steel, is again put into the nre,.and then, cooled 

in boiled witcr in the usual way. 

\ 

Speed of Cutlers. 

In turning out high-class luouhlings, the question 
of the speed of cutters is of great moment; exigencies 
of space prevent us here going into the question at 
• length. In a thorouglily well constructed and equipped 
machine, a speed of 4,000 revolutions .wr minute may 
be taken as a standard. 

liutiinriuij the Cnfh rs. 

Anollier matter'of the •extreine.st iinportanee in 
■fceuring highly tinished inouidings is the erwl. balanc¬ 
ing of the cutters. Tviese shmild not only be of the 
same exact weiglrt dnd overhang, bnt all cutters must 
bf- niiide to agree in their corresponding membn’-s to 
the greatest bossifele* 4ucety. The importiincc of '•this 
^Il'Tyo rfevdily loeognistd when we consoler the high 
Velocity at which tlyy hale to run; con.sequenlly'any 
Inequality is enorngnisly mW'liplied by the centrifugal 
force set np, the result being transferred to the wood 
in the sbape*of Jars and.markings. When new cutters 
are put on, they shdnld Im put exactly in balamtfe and 
kept so. In working elaborate mouldings, it is ditiicnlt 
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to Ke<Jp Dot4 irons alike, and one jjifn often ^ursuect by 
the operator ^is to u^o an iron for each dtetnber of the 
moulding, and to balance the iynis with beams and 
scales; and t^lien the irot* arojects, say 1J- jii.^ to put on 
a rectangular washer. In worWng vftrfieal spindle 
uiachiueSj^c^me bperators will use one iron *oitly, with 
a blank onl.he other^side af the block to balance. 

already, mentioned, iif accurately balancing 
cutters, not pnly should their specific weights agree— 
which is a matter of yttle difficulty, as it can be deter-' 
mined with a commoft pair of scales—•-but the yeights 
of the cutters should agree in tlieirijorresponding parts. 
This cannot be ascertained accurately without the aid 
of a proportional cutter balancing machine, and several 
of these have now been introdijced with V''ry satisfac¬ 
tory results. Ixf the best of these inachines the cuttersi 
can be tried obo against unotiiei tn every position, and 
i(|any excess of weight appears m any of them at any 
point in the backs, fronts, or edges, it eat® be .detected 
and I'cmedied. 

^riviiuj-be.Un. 

All driving-pulleys* should* be of ample width for 
the power they have to trilp&mit,* ifithont straining the 
Ijeft, and, therefore, cutting out tho*bearings. *Wide 
single belts are preferabbj ^o* doublet and the best 
leather fb*ot^r inaterir!!. It is iml)or^ht^ff!it*thff 
^riving^belts are kept»as*pliabig as jiossibje. This* is* 
not a very easy iiiatter»fn a sawmill, owing to the ^ry 
fine dust consMitty floating ab»)ut and.filling up the 
pojjes of th^ ^eathiy. A ‘mixture 5f itiutton flit and 
beeswax in ^qual jiarts witl be'found a capital dress¬ 
ing, and will not injure tht.belt. ,An application of 
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tanmer’s dubbin for leather, and of linseed^il vai'nisli 
for cotton belts, can also be recommended. Castor oil 
is also an excellent dressing for leather, and, at the 
same time, iti renders it yew.in-proof. It should be 
mixed, .say, half and half, with tallow on oil. For pre- 
serying or recovering leather belts from mould, pyro¬ 
ligneous acid . may be use^. The belts should be 
thoroughly stretched and carefnlly niiule. Cemented 
joints are to be preferred to othen, as thi'v run smoother 
over the pulleys. 
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CHJPTEfe xjm. 

THE.BEST ENGiNE FOU A SAW MU*,. 

A-EMORT ever)' type of Engine is made io do duty in a" 
saw mill, and as many of them are iitterly unsuited to 
the work the result is often anything iTut satisfaetoi^ 
both on the score of economy and effective vrorking. 

Owing to the severe and variahlo duty required 
of a saw-mill ijhgine, it should be of especially ^ 
strong and substantial cojistr^ctiQii, and able to eom- 
>mand a uniform speed under»suuden^’ applieif Idkds. 

After a lengthened experience the yrthor is of 
•opinion that the best form of engine forMriving^wood* 
worJin^ machinery—exeept ^injer special circum- 
stances^is a hmg s?roko horizontal hfglij pressure, 
either comitounded or • with y. condenser, or botlT. 
Some years ago, in the pr(;sent v<*ljjine, the author, iu 
writing oii'some points tfl be desired in a 8awj«aill 
engine, mentioned the following, '^d aj his views in 
this respect have not altered, ih may, Rot 
•plifce to yepeaPthem. 

* 1. A stroke of twice.ihe dii<ltietei«of thi cylind^; 

2 . either comp^tunded dr with a condenser, or both; 

3 . or an automatic expa^usion slide, ,controll^d by 
powerful aud’eensllive governor gear; 4. a steam- 
jackSted an(f lagged cylinder; 5. short steam v^ays j 
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0 .' ample ^jeuring surfaces, well fitted and lubricated, 
and an efficient method of packing; 7. large cylinder 
area per b.p.; 8. a^tfly-wbeel of large diameter and 
extra hesivy’section ; 9. a JniJderate piston speed. 

Speaking generally, in selecting'' an engine the 
chief points to he borne in mind are : 1- 4;he nature of 
the work it has io do; 2. the speed and power required; 
3. the cost of fuel;'and 4. if under skilled manag'ement. 
In a saw-nni} if the fuel be plentiful, and the inanage- 
anent unskilled, as is often the case in isolated countries, 
a plain slide-valve engine would possibly suit better 
than a first-clan’s one with expansion gear, conden^r, 
Ac., the loss of fuel being partly compensated for by the 
greater freedom from brer.kdowns. In this case, the 
engine should be arrangi'd to cut oflP steam tolerably 
early and expand it for the rest of the stroke, and 
powerful goverinu’ gear should be employed. On the 
other hand, in establishments where large power is .e- 
ouired and skilled managemi iit is attainable, the most 
advanced form of engine is in the end by far the clv'ap- 
est. In c-isps where fuel is dtv.r, a good compound 
condensing engine can bi' used with advantage: but it 
cannot be too often repeated that, where extreme 
economy is required, a skil'cd engine driver is an abso¬ 
lute necessity, ' If the steam pressure by which ^an 
engine is worthed Would’be likely to vary considerably, 
and the lo&<i likewise vary, fo secure si/'ady and ejen 
rdaning the engjne %|jould‘be“fitted, wih’i vhlve gear 
hdving a considerabl* range of,t!nt-off, combined with a 
powerful and censitivcfgovemor. 

In selecting ah en^jne'if full ikitaih'd cpecificayon, 
giving sizes and materials,*8|iould |)e oWined fregi the 
maker, with his puaraidfte as f^i horse-power—brake 
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»Qr8e-p?»wer, S' possible—the engina will giva out at^ 
sertain staiiin jjressure^and that it will wd»l^at its full 
jpeed and .power without excessive jribration. 

See tljpt tl*e bed-plate *r4 frame and \sorking de¬ 
bails of the engine ^.re of ample strdhgth, ilso tha^ the 
jylipder has^u^cient metal to allow of i|s being rSbored 
jeveral times, that 8tea*n passages ^^r^ short, that 
bhe sliiiKug and bearing surfaces are.ainpl^, and that 
they are odjivtable for* wear. The authot- prefers a 
medium piston speed—say 500 ft. per minute—to higher, 
speeds, as he has found’the cylinders of large? hosizon- 
tal engines run at high speeds rapidfy wgar hollow. ^ 

An engine of ample, but not excessive, power for 
the work to be done should bo selected, as too large an 
engine is as wasteful of steairi as too small a one. 

For saw-mill work, ^he author piefers the bed-plate 
of the engine to be on theMouWe girder box* plttfi, and 
to extend beyond tlie cylinder, which should be mounted 
on it, as this is undoubtedly the best ki resis^ 

heavj’working strains. If a |^air,of engines ar<* used, 
it will be found well bihave one Urge lly-whetd for the 
two engtnes„placing it between them, witl^ an extra, 
pulley for driving the main shaMng^ Crankshaft to be 
fitted with an dutside beal^yig. t^ineeting-rod ends 
to.bS made aidjustable for wear, and fitfed with sfri^s 
atii keys. Engine to be (itti*d \»ith*tvide^'ouble motion 
barj ard tlbckp, and mad* adjustable •for*^^^aft • T®! 
Wrs shoflld iave oil recesses a^j^ gr^; caviljes. Sto'p 
and starting valvcito be provided, and so arranged thSt 
access can be h!ffi.*t<?the throttle mlve without disturb-* 
ing J)ire steam p^e. 'IJJie stei»uf ptwsages should be%,rge, 
shorthand direct, anjJ the cldlirance in cylinder as small 
as possible. 
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f For driving wood-working maebinery, after rd^ted 
trials, the ati Sior is distinctly in fa vour of an engine vfith 
along stroke, as it peyjnits a higher piston speed without 
excessive yihration and wei^t and tear, and the’ steam 
can be expanded i/itii greater facility. The steam ports 
should be as short as possible. This can be'secured by 
dividing the slide valves, and placpi" them''at each end 
of the steanj chest; and a high speed s/msitive governor 
should be arranged to act on an equilibrium double- 
,beat throttle valve, or on e.K[mnsion gear. The exhaust 
should be of ample size, to admiu of the instant escape 
of the steam ,and avoid back pressure. In crowded 
spaces it is sometimes necessaiy to use a vertical engine; 
these can be compounded wjth advantage, and although 
necessarily of shorter stroke, they can bo worked with 
less wear to the piston, cylinder, glands &c. than a 
horizoptiO engine,jthe wvar being distriouted, whilst in 
a horizontal engine the cylinder wears oval. 

, Arriingeiiieuts should be made for the coutiuuons 
drainage of the eylimler, and it .should he fitted with a* 
good sight-feed lubricator, wiiicb is a distinct ’inprove. 
vient over ordinary grease; eiips, as with these ’alter tin- 
piston may be rimning perfectly dry, anj the cylinder 
may be scored aiidtiie rinos ceit out before the atten- 
d.Vnt is aware of it. A very consideiublo,economy in 
oil is also effected by t’u itse of a sight-feed lubricator, 
:Ss it'ean be .adjusted to supply the miiumunf amuuiitof 
oil to ke^p the j;;yhipjcr pioperly lubricated.. On*t.li? 
Ollier hand, the ob'-lUsliioiie'l grease cui> floods t^e 
cylinder witli oil l'< r a slior't tkm*,' and this being 
nipiiiiy cleart'd ^iway by the smokes o| the piston, 
the cylinder is left* comparatively ’(\ry in ^ Tittle 
lime. 
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ComiJbuud Jug'res 1 ave of late ^?ars soipe con-* 
siderably into nsg, and aje more economical tWtfn single¬ 
cylinder engines. This arises chietlj, from the fact that 
inach higiier pra&sures of st^ajji can be exparjded with 
greater adv*antage»in two cylinders •tlmn iTi'one, y.nd 
without the cftn^ideAble loss from condejisntion ^fliieh 
arises* in a single cylinder \tlien the ste^m is cut off 
very early in the s^fo^e. Again, if'a copsiderjible range 
of expansion be attempted, in a single cylinder, and tlie 
cut-off is very early, the ytrain on thh working parts is 
great, necessitating exetJssive weight and strofigtl* in 
the engine. In the case of compound’ cjljnders, how-^ 
ever, this strain is distributed. 

In single cylinders, if large^expansion be attempted, 
the steam condensation is excessive and becomes a 
serious matter. C^inpofiud engiuet will work more 
steadily and wita less friction «;ind’vibratio»„ cynse- 
(/nenj.ly the general details of tlie engines may be made 
lighter. Where a sufficiency of water is obCainatole, a 
cdndenstr can be fitted to an engine, with considemble 
advantage^ as in this case, Instead Of bein^r. exhausted 
into the open air or water tank after each strofie of the 
piston, the steam passes thl-ough the exhaust port into 
the condenser, and coining in. contat£»with the water, 
which* is in constant circulation therein^ is itself iln* 
medihtely condensed or reduceil to, ^*ter. ’^In working 
'the conden8t;»an.air pump'is emiTloyed,’wl^oh^eeps^ 
uf a vacuum aijd‘relieves the{»istou ^rom^back pressure,’ 
thus increasing theijffecti-'C power f/ the engine. Th^ 
water made hot hy the /ondensation of the steam is 
again used to.feed the boiler,.hence if second sa^ng 

arises? , ^ e , ^ 

A snnple and convcnient-awiiugement for workifig 
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the air-p>irp.p for" coiidenser is to prolong th^ engine 
piston-rod 'iirough the back cylinder cover. The air- 
, pump should be doii})le acting, and the valves arranged 
so as to give ready access ‘or adjustment and repairs. 
The enginbd)ed should be prolonged and the condenser 
mounted on it, so as to secure perfetit aljgbnient. The 
author has^found pump valves, of India’rubber, with 
gun-metal jseats,.guards, Uud bolts, work very well. If 
there is no overhead tank for the injection water, sluice 
valves will Be found most useful for sta.rtiug the 
engine. 

Automatip expansion gear is especially useful in a 
saw mill, and with varying loads effects a considerable 
saving, aa the admission of the steam is reguhtted ac¬ 
cording to the s[)eod or load on the engine. The gears 
of Corliss & Proel have proved themselves very 
effectiv**. 

Another very sr.tisfactory arrangement of automatic 
expamion gear is the Kuaton. In this the cut-off valve 
is m..de multiple-ported to give I'ree admissioiv of tHe 
steam, and is driven by a ihdins r<xl, the fee end of 
, which is moved up or down in an oscillating slot-link, 
which is driven by M separate eccentric, the precise 
position of the r<^' beingtdeterniined'by the governor, 
.‘..s the speed of the engine yicreases and the governor 
balls rise, the tra.ct o*' t(he ex{)ansion vidve is reduced, 
.and the sb'arii is cut off earlier; should thb engine run 
more slowly, the contrary‘occurs. The raiigj of ent-dfl' 
is from a fraction op to half’"troke., 

A farther advantage aris'iVg frottf the use of auto¬ 
matic expansion gear*is that the steam is always 
delivered to the cylinder at the highest available pres- 
Bitre, whilst in the ease of an ordinary slide-valve 
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engine ♦rliere fhe cut-off of Ilie valve^i* alwiy/f)Ositive, 
the admission of the ste.im is governed by^means of a 
throttle valve, the action* of which ‘ wire draws,’ and 
reduces *the p^sslire of th^ steam. With efficient ex¬ 
pansion gear the* amount of stcam.rqgnireJ'to do the 
work on haitd.at the moment is practically n)e^s^^red at 
every stroke •of the engine, no morS is used than is 
required, and thi^inturn is fully vxhausteircf its energy 
by expansion.^ 

Owing to the, constant and grant variation ot tlie 
load in a saw mill, it is important that a gojernor be* 
fitted sufficiently powerful "to keep the engine perfectly 
under control, and the speed uniform. *Various 
of high-speed governors have come into use, and several 
of these have proved themselves both sensitive and 
quiet in action, iftid are to be prefer ed to the older- 
fashioncd type. 

^Forthe guidance of readefs we^^pTiend a slforT speci¬ 
fication of a high-class engine, wi'll a<laptedffor saw-mill 
•work s» One improved horizontal coinponitd tandepi con* 
densTngengine to indieata dIO Corse-power mounted on 
double girder box plate, planed on face; higji-pressurc 
cylinder, 18 ni. diameter^ low-psessure cylindim, 31 in. 
diameter ; strolse of pistons, 36 ins^ninuber of revolu¬ 
tions per infnute, 00; diaiift-ter of veutieal air pwjjp, 
20** 111 .; stroke of vertical air 18,in.; diameter 

of horizontiU ai;; pump, 14«in.; difiiuetej'tifc^aiJc^haX!;,. 
^0 ^u., njad^oT best fagotked scrifp iron ;*dia meter ^^f 
fly-wheel, 18 ft. ^ widtl^.of facC’^of !ty-wln^l, 28 ii^ ; 
diameter of stojs val^'e q^l higb-pr^ssure cylinder, 5 ki. 
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rTTAPTER XI ¥11. 

fflE BEST BOILER F^R A SAW MILL. 

Every possible type of boiler lu^js boeii made to do duty 
iu a oaw mill, and it need hardly be said that many of 
‘I'eseare quite unsuited for the work they have to do, 
consequently the economical result is unsatisfactory, 
and, taking the whole woiid over, boiler explosions are 
more frequent in saw mills t|iau in any other class 
of manufactory. Most types of boHi'r possess some 
advantages and disadvantages; in selecting one, how¬ 
ever, the c\^ief points to be borne in mind are: 1. the 
• quality of the feed wat(;r; 2. the quality and nature o*' 
the fuel; d. if for teri.porary or permanent dutj. It 
may be i^s "^‘11 also to ineutioi. a few of the points to 
be desired in a steam boiler.' 1. A boiler of a design 

I ‘ . 

that can be readily,in>pected, cleaned, or repaired. 2. 
A /borough circula tion of-the water through the Imiler. 

A large furnace or combustion chamber. 4. A ^ulfi- 
ciency^of water and :jteam'space to avoid sud\len fluctua¬ 
tions in tli^ water V‘vel or stea m pressure. 6. A l-irgt! 
idargin t'lf strength v.'cr working pcessuve. 6. Stays, 
ends, strengthenin^’rings <fee.^'arranged with an allow¬ 
ance for ex^anjion.’' 7. Ainpie heating surface, with 
no joints or rivet hvuds exposeA to.the' direct action 

* f 

^AfiaiiAhaokfttrSttntn /Vr#. cBj‘ M. Powi'i Hal*;. ) 
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of tlie Sre. 9. Boiler to be'properly fjKed alhcWquipped 
with a full supply ol^ fittings of Che bait»*type. 
Chimney staek^o be coneetly proportioned to the boiler 
Ad to the fu(^ to be burnt^ 10. toiler to be jf a type 
suitable it) the §.'ed-water and fuql ysedfVnd to be 
irikde of fip^elask materials, and with goOd.work- 
ma^ship. ^ 

In s^w mills the ftiel used is usually silfifll coal mixed 
with wood waste, which ijives out a fierce fir(?,and sltould 
have a boiler *with considerable y*ate eutface to con¬ 
sume it economically. *The locomotive typc«of boiler* 
has the advantage of raising steam spiickly ; it can bo 
safely worked at a high pressure, and‘requires JiWf? 

foundation : on the otlxu' hand it is unsuited for burn- 

. • * 

ing inferioi- fuel without a forced draught, and a 
speciall)’ large fifr-boii is necessary. With tlie fuel 
usually used inn saw inill.the j)latf's and lul^' ends are 
►more easily burnt than in a plainej ftoiler, more*parti- 
cufarly if incrusiaiioe is allowed to acganiulate; in 
^)oint «f fact, should the feed watej-bo bilfl, a locoyiotivd 
boilA sljould never be t^ed, iTnlJss special means be 
taken to purify tbo Ater before it i iiti^s Jlie boiler. 
When burnilig small biluminoqs coal under ordinary 
conditions, loconjotiveboilerf have n^eiiftcncy to produce 
snioVo; this*can, however. llP modified »consid(‘rablyJ)y 
tht» employnjent of a sufiicier^t ii^ht pf chimney to 
induce a qqjck draught, a* lfre-bi'*ck urph, and^ejrcful 
«in(>even^rii^.* 

* Water-time binlers h^vc beet*intrt)duce(l into siyv 
mills in this c^wny’y a limited extent, and ib is 
claimed for them that they are^both safe aipcl econogiical; 
thei% appears ttfibe Ifttle, doybt,•however, that somejof 
theni*generab? wetter steavn^lhan a good Lanca^ire 
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boiler, itfid 'ffith inferior flifl, they produofi smoko, 
Moreover, having many caps and joints, fhey are not bo 
readily kept in order. 

On the other hdiid, it is claimed by'the ‘ makers <»f 
water-tube boilers jtbat tliVy possess various advantages 
over' other boilers, such as occupy iirg less space, greater 
heating surface, leas fuel used, perfect V.a'fo’r circulation, 
sectional dit fsions, preventing dftitStrous explosions, &C. 
It must bt;''iulinilted that many of these boilers arc in 
use in AmeJoa, and are spoken well of,'and the smoke 
not conv'lained about; but thjs can be explained to a 
great extent by ,the fact that the fuel used consists 
u.?g*'ly of anthracite coal, which is practically smoke¬ 
less. It must also be conee<led that where necidentsor 
explosions oceur with Ideomotive or tubular boilers 
they are usually not so disa.stnpis as. tho.se with Lanca¬ 
shire and (lornish boilers,^ and liiglyT pressures can 
be wifrkt'd aitli f*tfety. ■- ^ 

A eomljjiiation of the double-fined or Laneahiire 
boiler and tubular boiler has lately come into ejrtemled 
use for driving elei*tri( liglijiiig plant, A.e., and >'.vhero 
the feed, wiiter is fairly pure 'can nndoubteilly be ro- 
eommentled, as they are fpnnd to bo rapid steam 
r.iisers. and esonvviicat in tlie eonsnmption of fuel. 
Tkp Kiiler cimsTsts of •an onlinary ieturnally tired 
rjiineashire boilei^ with cros's tubes, but, in add'dion, 
a serif's'of diori/ontal fiibes run the fulf length of 
ihe'shell. * It is claimed for this b'uiler that it h^ 
y considirahly (larg)"? heating surface tdian a Lanca¬ 
shire boiler, a mbdium Wi^er edpacity, occupies a 
uiinimnm of si»ce,' small area of brickwork, and has 
u fair amount of stciMii space. 

In countries or districts where wood wast^f is Iho 
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only full, externally fired tubular boilers m laifeljf 
used^ in ibis r^se thu.boile ‘ is mounted Vir a briclc 
fHfnace,^iil whjch the wood is b^pit, the heat pass¬ 
ing under^the boiler and baqjr through bri<)j£ Sues on 
each side, and ‘.ig the chimney.* fa fisfng tjjesfe 
boil^K espt ciiYe should be taken ^to keep ‘them 
entirely free from^ jncrustation. In ^merica, an 
under-fi»ed cylindrical boiler, with r^urn ^tubes of 3 
in. or 4 in. diameter, is used considerably. Tliese 
are low in first cost, aqd when aritlnged with a wide 
under-furnace and bri(fl£ fiues are said to t>e fairly 
economical. ^ 

Under-fired boilers are not popular in this SCfit^ 
try, and there is little doubly under-firing considerably 
strains the seams &c. of a boiler, especially if a long 
one. 

Except for sftall power and| in«crowded sifuations, 
Vertical boilers cannot be recommended for saw-mill 
work, as they are apt tn prime and jlt-oduse wet 
steann* This aris(‘s from the water an<f steam «pace 
being small, conseqnenfly^vet steam is dn^wn into the 
steam pipe to a greater or less extent at eaclffstroke of 
the engine. High-speed oiigines mitigate this evil 
somewhat, but Wiey themseWes ard Unsuitable for saw¬ 
mills. 

Taking the advantages jj,i*d,dinadvaatagqs of the 
different t^i«s of boilers into consfderation^tbematlioi^ 
Ifte* a leng^ened expe*iei*e, is^of omnion Jhat for,* 
permanent saw nyll of .any magnitude no boiler m 
superior to a TwM-desi^ied and equipped Lancashire 
boiler, or, if ^le feed water bd good, a^ancashireJjoiler 
fittecl ^ith cmisltubes and a/»seri<?s of borixontal tuhfs 
»bove*the internal fines. 
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Amorgtt tUe'^disadvantages of Lancashire and 
Cornish boilers may be mentioned their,oost--when the 
expensive nature oHhfiw' fixing is borne jjn mii^d—foi^a 
given hojre-power and tii6 increased iengtji of time 
necessary to get up steam as compared with a locomo¬ 
tive or tubular boiler. On the other ha^'l^ they possess 
several impo;;|vant advantages in tljfitthey can be readily 
cleaned ai\(l repaired—a matter of 'great moment in 
cases where, the feed water is bad—and inferior fuel, 
wood, waste &c. can be burnt in them without much 
trouble. If carefully fixed and fired, a Lancashire 
^iler can also be worked with comparatively little 
sra^ke. A well-designed Lancashire boiler has a much 
larger water and steam sijace than is usually found in 
locomotive or water-tube boilers, consequently when 
any special or sudden demand is made for steam it can 
usually be supplied without much inconvenience or fall 
in pressure. As al.eady mentioned, the smoke huise-nce 
may—In a Lancashire or Cornish boiler - be reduced to 
a miaimum, as tlyi ('I'ate surface is of eonsidgrable 
length, and,by‘coking ’ the fre.sh fuel at tin funiace 
.front the air admitted has time to rise in tewperature 
and mix with the gases evolved before it reaches the 
bridge, and combustion yj completed here and in the 
B-ae beyond, it may be as well to remark here tfiat 
the employmVnt 62 a, .irv-clay bridge or arch can be 
recoinfnend^d * both in Lancashire ;and locomotive 
boilers. 

‘ Supposing for tie time ‘being that a Lancashire 
boiler be selected, ittmay not’s; oat’of place to briefly 
disc&ss some'of ftie points to be desired in its construc¬ 
tion, as, although great improvements hpve taken place 
of 'late years in the ynamifacture of steam boilers, 
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boilers of inf(*rior construction and tquipmnil are stMl 
made. 

^ In sgloctin^ a boiler, a full detailed specification of 
sizes, material?, workmansHip, and fittings sbofild in all 
ct^ses be obtnineS /rom the inaniffaSturer, yrith tbe 
brands <.>f tli<;H)8iler-j)lates stated, and fihould these not 
be of well-establisli^d repute, a guarantge as to the 
tensile iftrengch, ^luctility, and elasticity the plates 
employed should be reqilt'sted. ^ , * 

As regards materials, mild steel plates (Siemens-, 
Martin open-hearth process) are generally adiliittpd to 
be the best and most reliable thal can be * used^t- 
present. In the best boilers the plates are specified 
to have a tensile strength oi not less than 26 tons per 
square inch. The^ edges of the plates should in all 
(Uises be planed, and the seams are best made with butt 
joints add double butt-strtfps, lrhicu,are the*«tr^ngest 
*and most reliable form. All rivet-hOb 3 should be drilled 
in position when possiblet and the rir^ets clc«M by„ 
maclyne ; in point of fact, inatefia1,s, workmanship, and 
fittings should all be of^h? highest'class. The difference 
in price Ifetwgen a good and a bad boiler is notpreat, and- 
a user should never be tempted t<J purchase a low-priced 
one, as he wiU pYobably fimyt a veif costly economy. 

. For the .guidance of aur readers we Iippend a shffi-t 
specification 'of a dO h’or3e»-^w|F Lanbashire boiler 
suitable for%aw*mill work 

* , Mafc«ni.^The boiler tif bo nj^de througljput of thb 
best selected mild^steel plates adapted for boiler woA, 
the tensile 8trei1^th*of ^ich shall not be» less than 
tons per inch, Jlran^s to be marked ^heiljon. 

S/ialk—Leigtli of boilef, 28* ft.; diameter, 6 ft. 
6 in.: diameter of flu^s, 2 ft.*^ in.; thickness of eifeu- 
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llLr plates^ in.: faickness of end plates,' |[ in.; thick¬ 
ness of fine'plates, | in. The longitudinal seams to be 
double riveted, and't/> break joint not less than, 12 in.,. 

All rtvets to be sabjec^eu to a pressbre cf 25 tons, 
and all rivet-holes to be drilled ,.iA position where 
possible. 

All rivet' to be closed as>>far as possible by 
machine. 

Ends of boiler to be flanged to shell,-and supported 
by gusset staps riveted to double-angle rings at each 
end. All plate‘edges to be planed and carefully caulked 
-■*«aide and outside^ The edges of cud plates and angle- 
rings^’to be turned, and the holes for flues U> be cut by 
machine. ~ 

Flues .—The plates to be welded longitudinally and 
joined by Adamson’s flanged scams or other approved 
method f .r resisting*’ eol’apsd. 

Each flue to be fttted with four Galloway eross-tniiesj 
the first to *be placed vertically in the fourth belt of 
plated. ‘, 

FitHnqs.^-One sfeel doub’ie-flauged manhole double 
'.iveted t5 top id' boiler outside, and strengthened 
with stiflieniug pie^ ifnd ring' inside fitted with strong 
manhole cover, tslHs, Ac.,* All broncHes for n'ceiving 
mountings to be faced. Fire-doors to l»? fitted ‘with 
air-slides. rire-boA ’antJ bars to be arranged for burn¬ 
ing kawthir*, shaviiigs l&c. as well os- coke' and coal. 
Two sets* fire-bars wi*h bearers, deail pi tes, damp^, 
damper frame chaim and wefghts. Suitable flue doors 
and frames and floorvplatcs, aiH fiVinle for blow-off pit. 

Ifountingi. —bne steftih stop valve, valve of gun 
fdetal; two dead wei'ght knfety valves of ample area; 
onelow- water alaym; oed combined feed-regnlating and 
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back-pAj88nv» valve; one gun-mei#r aabast^s-packad 
J>loW-oft' Qock; ^two set|^ of i8besto8-packed*fvater-gaiige 
^tting8j gne J in. 8team-pressure,gauge, graduated to 
180 lbs., jjtte^ with siphon gnd tap; two fe^iWe plugs 
to be placed in cfbyn of furnaces; tine perforated.anti- 
priijiing pipi^v Jwo* asbestos-packed wajer-gauge’cocks. 

The boiler to 1^ .tested by.hydrauljp pressure to 
double »the avenage working jfressuro foj which the 
boiler is intended, and whole completed to^tlie satwfac- 

tion of Mr.-. Tlie,author in afl cases recoinmeudSj 

the use of a good feed-^ater heater in eonjunjtiog with 
the boiler, as there is little doubt a oftstiijct economy is 
effected by raising the water to a high teinperatdfb'lie- 
fore it enters the boiler; at ^le same time it precipitates 
many of the impurities contained in it, and prevents 
them entering theTioildV. Feed-water heaters have not 
been hitherto a? largely used ij? the^ shuuldviiio,^but as 
"skilled boiler management tiecoiue, more and more 
necessary on account of eccviomy they shotfid be atipidly 
introduced. 

Complicated forms of heaterst should,be avoided; 
they should be capa ble of being readily eSeaned an^ 
examined, and any tubes employed should be so 
arranged that ‘they have •^freoddn* {o expand and 
cqptS-aet, ajid the watei; sfiould have *a rapid dwu- 
lation. 

Whatdv^r farm of feed^water is employ*,it fs nq- 
‘pprtant 4ha^ provision, be'inadg.to prevent any bivdk 
pressure on the engine. o*This con,be lone by fitting* a 
relief valve so trt-a*ge^that whaiiever tfee pressure of 
the exhaust precede ^hat ofc the atmosphere to a«y ap- 
preciatle extejitJ the valve ®pen9 a communication l»e- 
tween the inlet and outlet 



